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FOREWORD 

The  current  focus  of  attention  on  the  natural  enviroriment  has 
pointed  up  the  fact  that  more  information  is  available  on  the  effects 
of  herbicides  on  the  environment  than  of  most  other  chemicals.  This  is 
primarily  due  to  the  environmental  considerations  that  were  necessary 
for  t.he  research  and  development  of  these  chemicals  and,  coincidently, 
that  most  herbicides  are  applied  in  water  solution  and  are  biodegradable. 

Available  data  show  that  most  crop  plants  that  are  treated  with 
herbicides  absorb  only  a  small  amount  of  chemical,  and  that  most  of 
these  residues  are  rapidly  eliminated  from  the  animal  body  by  the 
excretory  system.  Moreover,  the  animal  body  is  able  to  metabolize 
and/or  detoxify  these  chemicals  at  the  levels  of  residue  tha.t  are  in¬ 
gested  under  recommended  treatment  applications. 

Research  studies  (1968  through  1972)  that  are  summarized  in  this 
report  were  initiated  to  (a)  minimize  the  amount  of  herbicide  neces¬ 
sary  for  efficacious  control,  (b)  maximize  the  treatment  application 
for  a  specific  target  species,  and  (c)  modify  the  system  application 
for  more  complete  control  of  the  target  species.  Even  though  these 
goals  have  not  been  fully  achieved,  substantial  progress  has  been  made. 

It  seems  reasonable  to  anticipate  that  these  goals  will  be  met  in  the 
near  future. 

During  the  past  decade,  it  has  been  a  popular  political  assault 
to  condemn  herbicide  manufacturers,  agricultural  and  industrial  users, 
and  the  research  scientists  who  have  developed  these  chamicals ,  but 
there  is  no  real  evidence  to  support  this  position.  Indeed,  the  public 
interest  has  been  well  protected  by  dedicated  and  honest  men  who  have 
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sought  to  accomplish  these  difficult  goals  through  long,  and  tedious 
efforts,  motivated  by  a  deep  sense  of  public  service. 

The  Corps  of  Engineers  involvement  in  this  research  effort  stems 
from  the  adverse  effects  these  obnoxious  aquatic  plants  have  on  naviga¬ 
tion  as  outlined  in  the  legislation  of  the  Kiver  and  Harbor  Acts,  first 
approved  by  the  Congress  in  1899*  Authority  fox-  the  present  program 
is  delineated  in  section  3C2  of  the  1965  act,  for  control  of  aquatic 
plants  in  the  intex'est  of  navigation,  flood  control,  drainage,  and 
recreation . 


Edward  O.  Gangstad,  FAIC 
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CONTROLLED- RELEASE  HERBICIDES* 
by 

Edward  0.  Gangstad,  Ralpli  ]I.  Scott,  Jr.,  and  Raymond  G.  Cason*'* 

TART  I:  INTRODUCTION 

Aquatic  Weed  Control 

1.  Since  the  beginning  of  irrigated  agriculture,  man  has  strug¬ 
gled  with  aquatic  weeds  to  control  them  by  hand -clearing  methods. 

During  the  past  decade  research  efforts  have  been  focused  primarily  on 
herbicides,  and  many  thousands  of  new  chemicals  have  been  evaluated. 

From  this  evaluation,  only  a  few  have  been  successfully  applied.  The 
present  responsibility  of  the  aquatic  weed  scientist  is  to  research 
herbicide  application  methods  that  will  cause  as  little  harm  to  the 
environment  as  possible.  The  problem  is  made  extremely  complex  by 
many  interrelated  ecological  factors.  The  program  reported  herein  is 

an  attempt  to  bring  together  a  number  of  related  phases  of  the  study  for 
a  more  adequate  evaluation  of  the  total  problem. 

Level  of  Application 

2.  One  means  of  accomplishing  this  objective  is  to  devise  appli¬ 
cation  techniques  that  result  in  lew  levels  of  herbicides  in  water,  and 


*  Contribution  of  the  FI aiming  Division,  Directorate  of  Civil  Works, 
Office,  Chief  of  Engineers,  Washington  D.  C.  Preliminary  report 
presented  to  the  Weed  Science  Society  of  Amei’ica  Meeting,  New 
Orleans,  La.,  13-15  Feb  1968. 

**-  Chief,  Aquatic  Plant  Control  Program,  DAEN-CWP-V,  Washington  D.  C.; 
Plant  Physiologist,  Department  of  Defense  Safety  Board,  formerly 
with  the  Corps  of  Engineers;  and  Agronomist,  U.  S.  Agency  for  Inter¬ 
national  Development,  Lima,  Peru,  formerly  with  the  Corps  of 
Engineers,  respectively. 
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retain  low  concentrations  for  periods  lone  enough  to  kill  undesirable 
aquatic  vegetation.  Results  from  preliminary  studies  show  that  suit¬ 
able  carrier  systems  can  be  developed  that  will  control  the  release  of 
herbicides  in  an  aquatic  environment.  Tbe  seriousness  of  the  present 
aquatic  weed  problem  makes  it  imperative  that  all  possible  means  be 
explored  to  solve  the  problem.  For  this  reason,  the  U.  S.  Army  Corps 
of  Engineers  supported  a  proposal  by  the  U.  S.  Department  of  Agricul¬ 
ture,  Field  Plantation  Laboratory,  Fort  Lauderdale,  Fla.,  on  the  study 
of  carrier  systems  involving  polyvinyl  chloride,  rubber  elastomers, 
clay,  and  other  materials  that  might  become  available.  Other  contracts 
were  made  with  the  U.  S.  Army  Environmental  Hygiene  Agency,  Edgcwood 
Arsenal,  for  the  formulation  of  plastomcr  carriers  and  with  the  Univer¬ 
sity  of  Akron  for  elastomer  carriers.  Critical  levels  of  herbicide  in 
the  water  after  treatment  as  related  to  concentrations  normally  used  in 
the  control  of  water  hyacinth  and  other  aquatic  plants  were  studied  at 
the  University  of  Southwestern  Louisiana,  both  in  the  laboratory  and  in 
the  field. 
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PAI\T  II:  PROGRAM  DEVELOPMENT 

Technique  of  Application 

3.  The  earliest  report  on  the  use  oP  herbicides  on  carriers  was 
by  Oborn  et  al. ,  1954,  who  used  2,4-D  pellets  for  the  control  of 
Potamogeton .  Since  that  time,  the  use  of  granular  formulations  of 
herbicides  has  become  quite  common.  The  primary  purpose  in  applying 
herbicides  in  granular  form  is  for  selective  placement.  The  main  types 
of  granules  are  sinking  granules  that  release  the  herbicide  near  the 
bottom  for  the  control  of  submersed  plants  and  floating  granules  that 
release  the  herbicide  at  the  water  surface  for  control  of  floating  and 
emergent  vegetation.  The  concept  of  releasing  chemicals  slowly  over 
long  periods  of  time  is  fairly  new.  This  technique  was  first  used  to 
control  mosquitoes,  barnacles,  and  snails. 

Fort  Lauderdale  Program 

4.  Research  by  the  U.  S.  Department  of  Agriculture  at.  Fort  Lauder¬ 
dale  on  the  use  of  herbicide  carrier  materials  for  control  of  aquatic 
weeds  has  been  in  progress  since  1964.  A  number  of  sinking  and  floating 
granules  incorporating  various  herbicides  for  control  of  alligator  weed 
and  water  hyacinth  have  been  evaluated.  In  other  studies,  observations 
were  made  of  the  control  of  the  submersed  plant  Hydrll la  verticil  1  a.ta 
by  mechanical  mowing  of  dense  growths  of  the  plant  and  then  application 
of  weighted  formulations  of  herbicides  near  the  bottom.  This  method 
also  reduced  the  amount  of  chemical  needed  for  control. 

5.  A  2-yr  cooperative  study  with  the  Corps  of  Engineers  was 
initiated  in  July  1968  to  assess  the  technique  of  zonal  appl  ications  of 
herbicides.  The  first  year  of  the  study  involved  investigations  of  the 
effects  of  herbicides  applied  to  isolated  regions  of  intact  plants.  The 
results  of  these  investigations  showed  that  translocation  of  herbicides 
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did  not  occur  in  the  submersed  pLants  studied,  and  that  control  of 
those  plants  required  total  contact  of  plant  and  chemical .  Control 
oi'  floating  water  hyacinth,  however,  can  be  obtained  through  herbicide 
treatments  to  either  root  or  shoot  '.ones. 

6.  Research  on  the  use  o!  slow-release  materials  for  cotii.ro]  of 
aquatic  plants  has  been  in  progress  for  approximately  2  yr.  Polyvinyl 
chloride,  rubber,  and  clay  pellets  contain! up  herbicides,  as  well  as 
encapsulation  of  herbicides,  are  some  of  the  formulations  presently 
being  evaluated  in  this  program. 

7.  Some  preliminary  results  indicate  that  there  is  a  definite 
advantage  in  the  use  of  slowly  released  herbicides.  A  elow-reloagc 
clay  pellet  of  the  amine  salts  of  endotha.lt  showed  promise  for  control 
of  liydrilla.  A  clay  pellet  of  endothal!  plus  copper  sulfate  :i.s  cur¬ 
rently  being  evaluated.  Encapsulations  of  Diquat,  endothal! ,  copper 
sulfate,  and  other  herbicides  were  evaluated  in  the  laboratory  and 
outside  growth  pools,  and  now  are  being  evaluated  in  the  field. 

8.  Preliminary  results  from  static  water  bioassays  indicate  that 
herbicides  are  released  from  polyvinyl  chloride  carriers  at  rai.es 
sufficient  to  build  up  toxic  concentrations  in  the  plant,  tissues.  Un¬ 
less  these  materials  are  to  be  used  only  under  static  water  conditions, 
the  critical,  tests  will  be  in  flowing  water  situations.  Relations 
between  herbicide  concentrations  in  water  and  contact  time  with  the 
plant  tissue  will  need  to  be  determined  in  order  to  design  carriers 
with  the  proper  release  rates.  These  data  will  he  required  for  each 
plant-herbicide  combination.  With  a  better  understanding  of  the 
relation  between  concentration  and  contact,  time,  it  should  he  possible 
to  increase  the  probability  of  achieving  satisfactory  weed  control 
under  various  conditions  of  water  movement. 

Research  Objective 


9*  Conventional  methods  for  controlling  submersed  aquatic  plants 
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with  herbicides  include  total  volume  treatments.  The  phytotoxic  or 
1  othal  concent .ration;-,  of  herbicides  must  be  reached  in  the  entire  vol¬ 
ume  of  water  to  obtain  effective  aquatic  wood  control..  Tile  damage  to 
non  target  organisms--both  plant  and  animal --with  in  a  body  of  water,  can 
be  quite  severe,  depending  on  the  toxicity  of  the  herbicide.  Appl yi up 
herbicides  in  various  inert,  carriers  to  give  slow  release  over  a  long 
period  of  time  is  appealing  for  many  reasons.  Rather  than  having  to 
treat  the  entire  volume  of  v/at.ei  ,  it.  is  possible,  with  selected  carri¬ 
ers,  to  release  the  herbicide  near  the  bottom  where  the  pi  ant  growth 
originates  and  where  the  prepay at inf  plant  organs  are  located.  By 
pi'oper  timing  of  ajipl  i cation,  it  should  be  possible  to  prevent  the  dense 
growths  of  aquatic  plants  by  inhibiting  or  preventing  growth  early  in 
the  spring.  The  proper  release  rate  of  herbicides  from  the  carriers 
theoretically  should  control  any  further  now  growth  that  might  emerge 
from  propagating  structures  buried  in  the  bottom  mud,  a  location  which 
renders  them  immune  from  conventional  treatments. 

10.  By  proper  design  of  release  rates,  it  may  be  possible  to  ad¬ 
just  the  release  of  the  herbicides  to  the  rate  of  absorption  of  the 
herbicide  by  the  plants.  The  amount  of  chemical  in  the  water  at  any 
time  would  be  minimal  and  would  reduce  the  amount  of  chemical  pollution 
in  the  environment. 

11.  It  would  he  economically  advantageous  to  treat  only  a  portion 
of  the  volume  of  water  in  which  aquatic  weeds  are  growing,  rather  than 
the  whole  volume  of  water.  Additional  operational  costs  would  be  re¬ 
duced  if  fewer  treatments  were  required  to  control  aquatic  plants. 

Slew-Release  Carrie]-  Systems 


12.  The  effectiveness  of  sJow-rolease  formulations  should  he 
evaluated  in  the  laboratory,  growth  pool,  and  field.  The  advantages 
that  justify  this  treatment,  as  listed  above,  can  result  in  better  con¬ 
trol.  Objectives  of  the  research  are  to: 


!> 


Determine  the  relation  between  herbicide  concentration 
and  phytotoxicity  for  different  exposure  times  using 
conventional  formulations  of  herbicides.  Utilizing  the 
the  information  from  these  experiments,  design  slow- 
release  formulations.  Evaluate  these  formulations  for 
heruieidal  effectiveness  under  various  rates  of  water 
flow . 

Compare  tire  various  slow-release  formulations  in  growth 
pool  experiments  for  effectiveness  on  eurasian  water 
milfoil  (Myriophyl lum  spicatum) ,  hydrilla  (Hydrilla 
verticil  lata) ,  and  southern  naiad  (Najas  guadalupensis) . 

Determine  the  stage  of  plant  growth  when  slow-release 
formulations  would  be  most  effective. 

Evaluate  the  most  promising  formulations  in  small  field 
plots,  lakes,  and  canals. 

Determine  the  toxicity  of  the  various  formulations  to 
three  species  of  fishes. 
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PART  III:  RESEARCH  STUDIES 
Agricultural  Research  Center  Studies 

13-  Results  of  laboratory  and  growth  pool  evaluations  of 
controlled-release  herbicide  formulations  indicate  that  low-level 
release  of  2,4-D  butoxyethanol  ester  (BEE)  was  effective  on  water 
milfoil  but  not  on  hydrilla  or  naiad  (see  figs.  1  and  2).  Of  the 
herbicides  studied  only  the  Fenac  formulation  could  be  expected  to 
maintain  a  phytotoxic  level  for  a  sufficient  period  of  time  to  prevent 
regrowth  of  water  milfoil.  Controlled-release  formulations  were  not 
toxic  to  fish.  Details  of  the  study  are  presented  in  Appendix  A. 

Edgewood  Arsenal  Studies 

14.  Results  of  laboratory  evaluations  indicate  that  polyvinyl 
chloride  (FVC),  biodegradable  rubber,  and  encapsulated  formulations  are 
capable  of  controlled  release.  The  PVC  carrier  system  is  not  particu¬ 
larly  suitable  for  field  application.  Several  2,4-D  BEE  biodegradable 
rubber  formulations  were  found  satisfactory,  and  should  be  considered 
for  further  testing.  Preliminary  evaluation  of  encapsulated  formula¬ 
tions  of  the  alkanolamine  salts  of  2,4-D  indicate  that  the  products 
should  also  be  further  studied.  Detailed  information  of  this  study  is 
presented  in  Appendix  B. 

University  of  Akron  Studies 


15.  Results  of  the  research  program  of  development  of  herbieidal 
formulations  by  the  Creative  Biology  Laboratory  at  the  University  of 
Akron  indicate  that  biodegradable  rubber  does  offer  a  potential  carrier 
system  for  the  development  of  slow-release  herbicides.  To  facilitate 
such  a  mechanism,  it  was  necessary  to  study  chronic  toxicities  of  the 
target  species,  in  order  to  simulate  conditions  that  would  obtain  in  the 
field  where  such  a  mechanism  was  to  be  used.  Additional  studies  are 
needed  to  correlate  these  effects  with  field  trials.  Preliminary  results 
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of  the  product  development  research  are  presented  in  Appendix  C, 
University  of  Southwestern  Louisiana  Studies 

1 6.  Dissipation  of  2,4-D  residues  in  ponds,  lakes,  bayous,  and 
other  quiescent  or  slowly  moving  bodies  of  water  following  treatment 
to  control  aquatic  vegetation  is  summarized  in  Appendix  D.  For  the 
standard  treatment,  i.  e.  4  lb  acid  equivalent  per  acre,  the  dissipa¬ 
tion  rates  are;  58  parts  per  billion  (ppb)  decrease  in  residue  for 
each  2-ft  depth  of  water  treated,  115  ppb  decrease  in  residue  for  each 
10  F  increase  in  temperature  above  60  F  mean  temperature ,  and  53  ppb 
decrease  in  residue  for  each  7-day  interval  of  time  after  treatment. 


Fig.  1.  Plexiglas  apparatus  for 
phytozone  treatments  to  milfoil 
plants  growing  in  a  vertical  posi¬ 
tion.  Gaskets  and  eicosane  isolate 
plant  regions  at  the  flanges. 
Translocation  of  herbicides  in 
milfoil  is  minimal,  and  effective 
treatments  must  include  regrowth 
of  fragments  by  a  sustained  or 
recurring  application 
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Fig.  2.  2,4-D  BEE  treatments  at  2  ppm  with 

attaclay  granules  in  outdoor  pools 
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APFENDIX  A 

EVALUATION  OF  CONTROLLED- RELEASE  HERBICIML 
FORMULATIONS  FOR  AQUATIC  WEED  CONTROL 


U.  S.  Department  of  Agriculture 
Agricultural  Research  Center 
Fort  Lauderdale,  Fla. 


EVALUATION  OF  CONTROLLED -RELEASE  HFRBICIDAL 
FORMULATIONS  FOR  AQUATIC  WEED  CONTROL* 


Kerry  K.  Steward** 


Abstract 


Laboratory  Bioassays.  Four  of  six  controlled-relcase 
rubber  formulations  of  2,4-D  evaluated  on  submersed  weeds 
were  effective  on  water  milfoil.  One  was  effective  at 
1.0  ppmw  concentrations.  None  were  effective  on  hydrilla 
or  naiad.  A  sinking  granule  containing  Diquat  was  effec¬ 
tive  on  all  three  submersed  weeds,  but  less  effective  on 
hydrilla  than  the  conventional  liquid  treatment . 

Growth  Pool  Bioassays.  All  six  controlled-release 
formulations  evaluated  in  outdoor  growth  pools  produced 
complete  control  of  water  milfoil  plants  by  the  fifth  week 
after  treatment.  The  results  indicated  that  only  Fenac 
could  be  expected  to  maintain  phytotoxic  herbicide  levels 
in  water  sufficient  to  control  regrowth  of  water  milfoil. 

Herbicide  Cont  .it  Time  Versus  Concentration  Study. 
Injury  to  water  milfoil  plants  increased  with  both  in¬ 
creasing  herbicide  concentration  and  exposure  time.  It 
was  determined  that  1.0-ppmw  concentrations  of  2,h-T)  BEE 
in  contact  with  the  plants  for  L8  hr  were  required  for 
complete  kill  of  the  test  plants. 

Toxicity  of  Controlled  Release  Formulations  to  Fish. 
None  of  the  formulations  appeared  to  be  toxic  to  test 
fish.  At  no  point  in  the  evaluations  did  the  mortality 
of  the  treated  fish  appear  significantly  higher  than  that 
in  the  control  fish. 


Introduction 

1.  Applying  herbicides  in  various  inert  carriers  for  aquatic  weed 

*  Research  contribution,  U.  S,  Department  of  Agriculture,  Agricultural 
Research  Center,  Fort  Lauderdale,  Fla. 

**  Plant  physiologist  and  principal  investigator,  Plant  Sciences 
Division. 
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control  is  appealing  for  a  number  of  reasons.  Rather  than  treating  the 
entire  volume  of  water,  it  maybe  possible,  with  selected  carriers,  to 
release  the  herbicide  near  the  bottom  where  the  plant  growth  originates 
and  where  the  propagating  structures  are  located.  Proper  timing  of 
application  may  prevent  dense  growth  of  aquatic  plants  by  inhibiting  or 
preventing  growth  early  in  the  growing  season.  Controlled  release  of 
herbicides  from  the  carrier  may  control  any  further  new  growth  that 
might  emerge  from  propagating  structures  buried  in  the  bottom  mud,  a 
location  that  renders  them  immune  from  conventional  treatments. 

2.  It  may  be  possible  to  adjust  the  release  of  the  herbicides  to 
the  rate  of  absorption  by  the  plants.  The  amount  of  chemical  in  the 
water  at  any  time  would  be  minimal  and  would  reduce  the  amount  of  chem¬ 
ical  residue  in  the  aquatic  environment. 

3-  It  would  be  more  economical  to  treat  only  the  volume  of  water 
in  which  the  weeds  are  growing  rather  than  the  entire  volume  of  a  body 
of  water.  Ccntrolled-release  herbicides  may  add  savings  in  operational 
cost  if  fewer  treatments  or  applications  are  required. 

4.  A  cooperative  program  to  evaluate  the  efficacy  of  controlled- 
release  herbicide  formulations  has  been  in  progress  since  early  1970. 

The  results  of  investigations  conducted  during  this  period  indicated 
that  polyvinyl  chloride  (PVC)  and  rubber  formulations  of  (2,4- 
dichlorophenoxy)  acetic  acid  (2,4-d)  and  PVC  formulations  of  (2,3>6- 
trichlorophenyl)  acetic  acid  (Fenac)  were  sufficiently  promising  to 
warj.,  it  further  study.  The  results  of  these  and  other  studies  relating 
to  the  concept  of  aquatic  weed  control  with  control led-release  herbi¬ 
cide  formulations  is  the  subject  of  this  report. 

5.  The  study  was  designed  to  meet  the  following  objectives: 

a.  To  evaluate  in  the  laboratory  the  phytotoxicity  to  aquatic 
weeds  of  experimental  controlled-release  herbicide  formula' 
tions  supplied  by  cooperators. 

b.  To  compare  promising  formulations  in  outdoor  growth  pool 
experiments  by  determining  the  ability  of  the  various 
formulations  to  maintain  phytotoxic  herbicide  concentra¬ 
tions  in  water  during  these  experiments. 
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£.  To  determine  the  toxicity  of  the  control'led-release  formu¬ 
lations  to  different  species  of  fish. 

d.  To  determine  the  relation  between  herbicide  concentration 
and  phytotoxicity  for  different  exposure  times  using  con¬ 
ventional  formulations  of  herbicides.  The  information 
from  these  experiments  may  be  utilized  to  design  formula¬ 
tions  with  appropriate  herbicide  release  rates. 


Laboratory  Bioassays 

Methods  and  materials 

6.  The  basal  portions  of  apical  cuttings  (4-6  in.)  of  the  sub¬ 
mersed  plants  southern  naiad  (Najas  guadalupensis  (Spreng.)  Magnus), 
hydrilla  (Hydrilla  verticil lata  Casp.),  and  eurasian  water  milfoil 
(Myriophyllum  spicatum  L.)  were  placed  in  2-in.  square  pots  filled  with 
a  sandy  loam  soil.  The  potted  plants  were  pieced  in  1-ga.l  wide -mouthed 
glass  jars  that  had  been  previously  filled  with  3500  ml  of  pond  water 
and  fertilized  with  5  drops  of  a  12-6-6  fertilizer.  The  culture  jars 
were  covered  with  clear  plastic  wrap  to  retard  evaporation  and  prevent 
contamination  from  airborne  spores.  The  jars  were  then  placed  in  a 
temperature-  and  light-controlled  room.  The  temperature  was  maintained 
at  approximately  25  C .  Light  intensity  was  approximately  200  footcan- 
dles  (ft-c)  with  a  12-hr  photoperiod.  In  approximately  3  weeks,  the 
plants  were  rooted  and  well  established  in  the  jars  and  were  ready  to  be 
used  in  the  evaluation  tests.  Water  hyacinth  plants  (Elchhomia 
crassipes  (Mart.)  Solms)  were  collected  from  local  canals  and  estab¬ 
lished  in  the  greenhouse  in  3_Sal  plastic  containers  lined  with  2-mil 
polyethylene  bags.  Three  weeks  after  being  established,  plants  were 
treated  with  the  experimental  formulations  and  placed  in  another  green¬ 
house  for  observation  of  herbicidal  effects. 

7-  The  treatment  rates  used  in  the  evaluations  were  based  on  the 
weight  of  active  ingredient  in  the  various  formulations.  For  example, 
a  1.0-ppmw  rate  requires  3-5-mg  of  active  ingredient  for  3500  ml  of 
water.  It  was  necessary  to  subdivide  individual  pellets  of  the 

A3 


experimental  formulations  to  obtain  the  small  quantities  required  for 
low  concentrations .  Each  treatment  rate  was  replicated  a  minimum  of 
three  times.  The  herbicidal  effects  were  recorded  at  periodic  intervals 
following  treatment.  A  rating  scale  of  0  to  100  was  used,  with  0  being 
no  effect  and  100  being  a  complete  kill. 

8.  Experimental  formulations  were  supplied  by  cooperating  agencies. 
Polyvinyl  chloride  (PVC)  formulations  and  6,7~dihydrodipyrido= 

(l,2-a:2’  ,l*-_c)  pyrazinediium  ion  (Diquat)  granules  were  supplied  by 
the  U.  S.  Army  Environmental  Hygiene  Agency  (USAEHA),  Edgewood  Arsenal, 
Md.  The  rubber  formulations  were  supplied  by  the  University  of  Akron, 
Product  Development  Laboratory,  Akron,  Ohio.  Commercial  formulations 
were  supplied  by  individual  chemical  manufacturing  companies  (see 
table  Al) . 

Results  and  discussion 

9-  The  effects  on  various  submersed  weeds  of  2,4-D  formulated  in 
rubber  are  shown  in  table  A2. 

10.  The  compounds  coded  1LACE-C1,  11ACE-E,  14ACE-B,  and  18ACE-B 
were  effective  on  the  phenoxy-herbieide-susceptible  water  milfoil.  The 
compound  14ACE-B  was  the  only  formulation  that  was  effective  at  1-ppmw 
concentrations  and  can  be  considered  the  most  effective.  Southern  naiad 
and  hydrilla  are  not  normally  affected  by  phenoxy  herbicides,  except  at 
very  high  treatment  rates.  The  11ACE-E  and  18ACE-B  formulations  were 
slightly  phytotoxic  to  naiad.  None  of  the  formulations  affected 
hydrilla. 

11.  The  results  of  evaluations  with  Diquat  granules  on  submersed 
weeds  arc  given  in  table  A3*  The  granules  were  effective  on  both 
naiad  and  water  milfoil.  However,  the  granules  were  less  effective 
on  hydrilla  than  the  standard  treatment.  In  general,  hydrilla  is  the 
most  herbicide  resistant  of  the  three  plants  that  -were  tested.  Hy¬ 
drilla  is  normally  controlled  in  the  laboratory  and  in  the  field  with 
the  standard  Diquat  formulation  at  a  rate  of  0.5  ppmw.  The  lack  of 
control  with  the  granules  at  the  1-ppmw  rate  is  indicative  of  inadequate 
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Table  A1 


Composition  of  Controlled- Release  Herbicide  Formulations 


Formulations 

Compositions 

PVC 

2,4-D  acid 

30 %,  by  weiglit,  of  (2 ,4-diehlorophenoxy )  acetic 
acid 

Base  89A* 

30$,  by  weight,  of  the  technical  grade  butoxyetha- 
nol  ester  of  2,4-D  (69.3%  acid  equivalent) 

lv-4* 

30$,  by  weight,  of  the  commercial  grade  butoxyeth- 
anol  ester  of  2,4-D  (43$  acid  equivalent).  This 
commercial  formulation  contains  aromatic  oil, 
diluents,  and  emulsifying  agents.  Hie  product 
is  oil  soluble  and  emulsifiable  in  water. 

Fenac 

30$,  by  weight,  of  technical  grade  (2,3,6- 
trichlorophenyl )  acetic  acid  (70%  acid 
equivalent ) 

Rubber 

All  rubber  compounds  were  formulated  with  tech¬ 
nical  grade  butoxyethanol  ester  of  2,4-D 
(Base  89A,  69. 3%  a.e.) 

10ACE-E 

15.8$  Base  89A 

11ACE-C1 

12.5$  Base  89A 

11ACE-E 

29.0$  Base  89A 

14ACE-A 

22.2%  Base  89A 

14ACE-B 

22.2%  Base  89A 

15ACE-B 

37.5%  Base  89A 

15ACE-B- (L ) 

37.5%  Base  89A 

18ACE-B 

33-5 %  Base  89A 

Bouquet 

20.  Ofo  Base  89A 

Other 

Diquat** 

10 by  weight,  of  technical  Diquat  (100$  a.i.)  on 
a  mineral  base  8/15  mesh  granule 

Capsulest 

23%  acid  equivalent,  by  weight,  of  alkanol  amine 
salt  (ethanol  and  isopropyl  series)  of  2,4-D 

*  Product  of  Amchem  Products,  Inc.,  Ambler,  Ftenn, 

**  Product  of  GAF  Corporation,  Research  Mineral  Products,  Hagerstown, 
Md. 

t  Product  of  Minnesota  Mining  and  Manufacturing  Co.,  St.  Paul,  Minn. 


Table  A2 


Evaluation  of  the  Iferbicidal  Activity  of  2,4-D 
Formulated  in  Rubber  Pellets 


Formula¬ 

tion 


Treat¬ 

ment 

Rate 

ppmw 


Avg  %  Control,  Weeks  After  Treatment 

_ (3  Replicates) _ 

Naiad  Hydrilla  Water  Milfoil 


10ACE-E 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

2 

2 

8 

0 

0 

0 

0 

2 

7 

11ACE-C1 

1 

2 

2 

0 

0 

0 

0 

0 

5 

3 

5 

0 

0 

0 

0 

0 

0 

32 

63 

87 

10 

0 

0 

0 

0 

0 

0 

50 

95 

99 

11ACE-E 

1 

G 

0 

0 

0 

0 

0 

5 

18 

18 

5 

23 

37 

30 

5 

8 

3 

82 

85 

88 

10 

7 

28 

42 

5 

2 

8 

43 

93 

96 

14ACE-B 

1 

0 

0 

0 

0 

0 

0 

37 

83 

100 

5 

0 

0 

0 

0 

0 

0 

43 

100 

100 

10 

0 

0 

0 

0 

0 

0 

53 

100 

100 

15ACE-B 

1 

5 

0 

3 

0 

0 

2 

0 

3 

7 

5 

3 

3 

7 

0 

2 

2 

3 

5 

17 

10 

0 

2 

0 

2 

0 

0 

2 

10 

8 

18ACE-B 

1 

0 

0 

0 

0 

0 

0 

0 

20 

30 

5 

20 

22 

27 

10 

7 

7 

30 

43 

44 

10 

13 

10 

20 

0 

0 

5 

47 

79 

84 

Control 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Table  A3 

Static-  Wi: :pi'  KvtU.ua t  ion  of  biquat  Formulated  in  Controlle J-Relense 
Sinking  Granules  lift?  a.i.) 


Treat¬ 
ment  _ Avg  j.  Control,  Weeks  After  Treatment.  (3  Replicates) 


Rate 

Naiad 

Hvdrilln 

Water 

Milfoil 

Formulation 

ppmw 

2 

4 

6 

T 

2 

^7 

6 

JT 

2 

4 

6 

Granule 

i 

97 

100 

100 

100 

13 

4o 

65 

67 

77 

99 

100 

100 

evaluation  1 

5 

91 

100 

100 

100 

35 

8? 

95 

95 

96 

99 

100 

100 

10 

94 

100 

100 

100 

25 

93 

100 

100 

28 

100 

100 

100 

Granule 

1 

98 

100 

100 

_  _ 

7 

38 

70 

_ 

90 

100 

100 

evaluation  2 

5 

96 

100 

100 

-- 

10 

89 

100 

— 

88 

100 

100 

-- 

10 

98 

100 

100 

-- 

15 

100 

100 

~ 

88 

100 

100 

-- 

Liquid 

standard 

0.5 

52 

100 

100 

100 

35 

98 

100 

100 

10 

98 

100 

100 

herbicide  release  from  the  granules- 

12.  The  results  of  evaluations  of  the  Diquat  granules  on  water 
hyacinth  are  given  in  table  Ah.  In  these  tests  the  granules  were  com¬ 
pared  with  the  standard  formulation  applied  to  the  foliage  or  injected 
below  the  water  surface.  These  results  indicated  that  the  grt aules  were 
not  as  effective  as  the  standard  foliar  application.  The  comparison 
with  the  water-injection  treatment  indicated  that  the  0-5-lb/A  (pound 
per  acre)  rate  of  the  water-injection  treatment  gave  satisfactory  con¬ 
trol  6  weeks  after  treatment.  In  order  to  obtain  comparable  results 
with  the  granules,  a  2-lb/A  rate  was  required.  Applying  Diquat  on  a 
granule  to  control  water  hyacinth  would  require  that  the  granule  be  a 
floating  type  since  Diquat  would  be  inactivated  by  bottom  sediments  if 
applied  as  a  sinking  granule.  The  results  of  evaluations  with  this 
granule  indicated  that  Diquat  was  released  from  the  granule  at  a  rate 
sufficient  to  produce  phytotoxic  concentrations  in  water.  The  formula¬ 
tion  appeared  sufficiently  premising  to  recommend  further  evaluations. 

13-  The  results  of  evaluations  on  water  hyacinth  with  2,4-D  and 
Fenac  formulated  in  PVC  and  rubber  are  given  in  table  A5-  The  compound 
coded  18ACE-B  was  the  most  effect' ve  of  the  rubber  formulations  tested. 
The  next  most  effective  formulation  was  the  compound  coded  l^ACE-A. 
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Table  A4 


Evaluations  of  Diquat  Liquid  Versus  Granular 


Formulations 

on  Water 

Hyacinth 

Treatment 

Avg  i  Control, 

Weeks 

After 

Method  of 

Rate 

Treatment  (3 

Replicates  ) 

Application 

lb /A 

1 

2 

4 

6^ 

Foliar  spray 

2.0 

90 

100 

100 

100 

(liquid) 

1.0 

85 

98 

100 

100 

0.5 

80 

95 

100 

100 

0.25 

70 

88 

100 

100 

0.125 

68 

88 

100 

100 

Water  injection 

2.0 

50 

So 

100 

100 

(liquid) 

1.0 

45 

80 

100 

100 

0.5 

20 

50 

96 

100 

0.25 

5 

20 

43 

89 

0.125 

0 

0 

7 

37 

Granular 

2.0 

20 

50 

85 

99 

i.O 

5 

18 

25 

83 

0.5 

0 

8 

10 

35 

0.25 

0 

2 

4 

7 

0.125 

0 

0 

0 

0.7 

Control 

0 

0 

0 

0 
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Table  A‘j 

Evaluations  of  the  Herbicidal  Activity  of  Slaw-Release 
Formulations  of  2,4-D  and  Fenac  on  Water  Hyacinth 


Treatment  Percent  Control, 

Rate  Weeks  After  Treatment 


Formulation 

lb /A 

i 

2 

4 

Z  ~~ 

JT" 

10 

11ACE-E 

5 

Rubber 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

-- 

14ACE-A 

5 

0 

0 

5 

3 

3 

0 

10 

1 

7 

40 

47 

60 

68 

14ACE-B 

5 

0 

0 

0 

0 

0 

10 

0 

0 

0 

5 

3 

— 

15ACE-B 

5 

0 

0 

0 

0 

0 

0 

10 

0 

5 

10 

10 

10 

8 

15ACE-B- (l) 

5 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

18ACE-B 

5 

0 

0 

0 

0 

0 

0 

10 

3 

10 

65 

97 

100 

100 

Bouquet  (20$  a. i.) 

5 

0 

0 

0 

0 

0 

0 

10 

0 

2 

13 

38 

4o 

38 

30 °/o  Fenac 

5 

PVC 

5 

10 

20 

4o 

60 

10 

10 

17 

37 

60 

80 

— 

30 i  2,4-D  lv-4 

5 

0 

0 

0 

0 

0 

-- 

10 

0 

0 

0 

0 

0 

— 

30 $  2,4-D  Base  89A 

5 

0 

0 

0 

0 

0 

— 

10 

0 

0 

0 

0 

0 

Fenac 

1 

Liquid  Standards 

50  63 

97 

98 

100 

2 

60 

75 

100 

100 

100 

— 

2,4-D 

2 

15 

25 

90 

98 

100 

100 

4 

29 

50 

98 

100 

100 

100 

Control 

0 

0 

0 

0 

0 

0 

0 
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Not  one  of  the  remaining  rubber  formulations  vas  effective.  Fenac  was 
the  only  effective  herbicide  within  the  PVC  formulations.  Neither  of 
the  2,4-D  formulations  in  PVC  was  effective. 

]4.  Wilkinson*  investigated  the  release  cf  several  derivatives  of 
phenoxy  herbicides  into  water  from  clay  granules.  He  observed  that  the 
rate  and  quantity  released  were  greater  for  the  acid  than  for  the  bu- 
toxyethanol  ester  (BEE) .  Increased  water  solubility  was  found  to  be 
associated  with  increased  rate  and  quantity  of  desorption  from  the  gran¬ 
ules.  The  solubility  in  water  of  2,4-D  acid  is  600  to  700  ppmw  (at  20- 
30  C).  The  BEE  of  2,4-D  is  essentially  insoluble  in  water .** 

15.  The  acid  and  BEE  derivative  of  2,4-D  on  water  milfoil  were 
evaluated  to  determine  if  differences  in  phytotoxicity  could  be  obtained. 
Comparisons  were  made  between  the  acid  and  BEE  fcimulated  in  PVC  and 

the  unformulated  compounds  that  were  prepared  in  acetone  and  applied  to 
water  in  jars.  The  granules  were  formulated  of  PVC  at  30%  (a.i.) 
concentrations . 

16.  The  results  of  evaluations  of  the  acid  and  the  BEE  derivatives 
of  2,4-D  on  water  milfoil  are  given  in  table  A6.  When  formulated  in  PVC, 
the  acid  was  more  effective  than  the  ester.  There  was  essentially  no 
difference  uetween  the  controls  and  the  jars  treated  with  the  ester  in 
PVC. 


17.  When  applied  in  solution,  the  ester  was  more  effective  on 
water  milfoil  than  was  the  acid.  The  ester  produced  a  jjhytotoxic  re¬ 
sponse  earlier  and  at  a  lower  concentration  than  did  the  acid.  The 
injury  to  the  plants  in  the  0,25-ppmw  acid  treatments  was  probably  due 
to  the  acetone  since  injury  in  the  acetone  checks  increased  in  a  simi¬ 
lar  manner. 

18.  When  formulating  2,4-D  in  plastomers,  there  may  be  an 


*  R.  E.  Wilkinson,  "Subaqueous  Release  of  Herbicides  from  Granules," 
Weeds,  Vol  12,  1964,  pp  69-76. 

**  Herbicide  Handbook  of  the  Weed  Science  Society  of  America,  2d  ed., 
Humphrey  Press,  New  York,  1970. 
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Table  A6 


Effects  on  Water  Milfoil 

of  2,4-D 

Acid  and  the 

BEE  Derivative 

of 

•f 

‘i. 

2,U-D 

Applied  in 

Solution 

and 

in  PVC  Formulations 

Treat¬ 

ment 

Percent 

Control, 

Herbicide  and 

Rate 

Weeks  After  Treatment 

'  •? 

Formulation 

ppmw 

1_ 

2_ 

r 

3 

JL 

10 

V 

-V 

Acid  in  FVC 

0.29 

1 

7 

5 

7 

12 

38 

0.50 

7 

13 

15 

15 

15 

42 

1.00 

23 

30 

33 

38 

4o 

65 

'4 

Ester  in  PVC 

0.25 

5 

7 

5 

5 

5 

7 

a 

0.50 

5 

5 

5 

5 

t~ 

J 

13 

r 

1.00 

5 

12 

13 

20 

10 

12 

Acid  in  solution 

0.25 

0 

2 

10 

10 

10 

35 

0.50 

0 

2 

47 

50 

68 

93 

1.00 

0 

5 

89 

100 

100 

100 

Ester  in  solution 

0.25 

0 

38 

93 

98 

100 

100 

0.50 

3 

67 

75 

100 

100 

100 

1.00 

0 

73 

97 

100 

100 

100 

Acetone  check 

_  — 

2 

0 

0 

10 

17 

23 

(2  ml  per  gal) 

* 

Controls 

-- 

0 

3 

3 

3 

3 

6 

advantage  .in  utilizing  2,t-D  acid  rather  than  the  ester,  since  release 
into  water  appears  to  he  greater  for  the  acid  than  for  the  ester. 


Crowth  Pool  Bioassays 


Methods  and  materials 

19-  Water  milfoil  plants  were  collected  in  August  1970  at  Crystal 
River,  Fla.,  and  transplanted  into  1000-gal  plastic-lined  growth  pools 
at  the  Fort  Lauderdale  Field  Station.  The  basal  ends  of  9-  to  12-  in. 
cuttings  were  anchored  in  6  in.  of  a  1:1  mixture  of  sand  and  peat  soil 
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in  the  pools.  Individual  plants  were  spaced  approximately  3  in.  apart. 
The  water  level  was  raised  gradually  over  a  2-week  period  to.  allow  the 
plants  to  become  rooted.  Herbicide  treatments  were  applied  15  Oct  1970 
approximately  7  weeks  after  the  pools  were  planted.  Treatments  were 
applied  at  2.5~  and  5-°-ppniw  or  10-  and  20-ppmw  rates  and  were  repli¬ 
cated  three  times.  Water  samples  were  taken  from  all  39  pools  in  the 
experiment  for  analysis  of  2,4-D  content.  These  data  were  to  provide 
information  on  release  rates  of  the  herbicide  from  the  formulations, 
persistence  of  the  herbicide  in  water,  and  the  relation  between  herbi¬ 
cide  concentration  in  water  and  phytotoxicity  to  water  milfoil. 

20.  Hie  sampling  and  extraction  procedures  were  as  follows:'  A 
1-qt  sample  was  taken  from  each  popl  at  middepth  from  three  equal  in¬ 
tervals  around  the  circumference  of  the  pool.  A  250-ml  aliquot  was 
taken  from  each  quart  sample  of  each  treatment  replicate  and 
composited . 

21.  A  500-ml  aliquot  of  the  treatment  composite  was  then  taken 
for  extraction.  The  pH  of  samples  from  BEE  treatments  was  adjusted  to 
pH  12  with  sodium  hydroxide,  mixed,  and  allowed  to  stand  for  30  min. 

All  samples  were  then  acidified  to  pH  1-1.5  with  concentrated  hydro¬ 
chloric  acid  and  then  extracted  twice  with  25-ml  volumes  of  chloroform. 
The  chloroform  extracts  were  sent  to  CPT  Larry  Nelson,  Edge wood  Arse¬ 
nal,  Md.,  for  analysis. 

Results  and  discussion 

22.  All  treatments  in  the  pool  bioassays  produced  an  epinastic 
response  in  the  plants  after  24  hr.  The  degree  of  response  increased 
with  time.  After  7  days,  approximately  half  of  the  39  pools  in  the  ex¬ 
periment  were  experiencing  a  rapid  growth  of  filamentous  algal  mats  at 
the  water  surface.  At  this  time,  infestation  and  injury  to  the  plants 
by  the  aquatic  moth  Parapoynx  alliunealis  were  also  observed  in  approxi 
mately  half  of  the  pools.  After  2  weeks,  the  herbicidal  injury  to  the 
plants  was  more  pronounced.  The  plants  in  the  pools  treated  at  the 
20-ppmw  rate  had  sunk  to  the  bottom  of  the  pools.  The  plants  in  the 
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10-ppmw  treatments  had  dropped  about  halfway  to  the  bottom.  Both  algal 
growth  and  insect  damage  had  increased  at  this  time.  After  3  weeks, 
the  plants  in  treated  pools  were  exhibiting  various  stages  of  advanced 
injury  and  decomposition.  Algal  infestation  continued  to  proliferate. 
Insect  activity  decreased  due  to  the  decreased  supply  of  healthy  plants. 

23.  The  quantitative  results  of  the  evaluations  are  given  in 
table  A7-  All  formulations  at  each  concentration  that  was  evaluated 
produced  adequate  control  of  water  milfoil  by  the  fifth  week.  A  portion 
of  the  plant  injury  was  due  to  the  adverse  growth  conditions  mentioned 
earlier.  This  is  indicated  in  table  A7  by  the  progressively  increasing 
injury  rate  for  the  control  pools.  However,  injury  to  treated  plants 


Table  A? 

Effects  of  Various  Formulations  of  2,4-D  on  Eurasian 
Water  Milfoil  Growing  in  Outdoor  Pools 


Formulation 

Treatment 

Rate 

ppmw 

1 

Percent  Control, 
Weeks  After  Treatment 

-  -  jj 

5 

Base  89A  (PVC) 

20 

4 

53 

88 

99 

100 

10 

3 

4o 

70 

97 

100 

LV-4  (PVC) 

5.0 

4 

35 

73 

97 

99 

2.5 

2 

43 

65 

96 

100 

14ACE-B  (rubber) 

5.0 

2 

42 

83 

97 

100 

2.5 

2 

38 

68 

96 

100 

11ACE-E  (rubber) 

5.0 

2 

35 

83 

96 

100 

2.5 

2 

17 

77 

97 

100 

Fenac  acid  (PVC) 

5.0 

4 

35 

72 

95 

100 

2.5 

2 

22 

72 

99 

100 

Alkyl  amine 

5.0 

3 

35 

73 

88 

93 

(encapsulated ) 

2.5 

1 

23 

70 

96 

99 

Control 

0 

3 

22 

43 

81 
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increased  more  rapidly  Ilian  did  injury  to  tlie  control  plants. 

24.  There  was  little  apparent  difference  in  phytotoxicity  between 
the  formulations  or  even  between  treatment  rates.  The  degree  of  injury 
was  uniform  throughout  the  treatments  at  each  observation  period  (weeks 
after  treatment).  The  degree  of  injury  also  increased  uniformly  with 
time.  This  pattern  of  response  is  indicative  of  a  rapid  release  of 
herbicide  from  the  formulations  and  a  rapid  buildup  to  phytotoxic  con¬ 
centrations.  The  lowest  treatment  rate  (2.5  ppm)  was  more  than  adequate 
to  control  water  milfoil  in  these  tests. 

25-  After  the  milfoil  plants  in  the  pools  were  destroyed  by  herbi¬ 
cides  or  damaged  by  adverse  growth  conditions,  it  was  no  longer  possible 
to  assay  the  various  formulations  for1  efficacy  in  maintaining  phytotoxie 
herbicide  levels  in  the  pools.  In  an  attempt  to  overcome  this  loss, 
four  water  milfoil  plants  established  in  pots  were  introduced  into  each 
pool  and  evaluated  for  injury  at  periodic  intervals.  The  results  of 
these  evaluations  are  given  in  tables  AS  and  Ah.  Only  the  formulations 
of  Fenac  maintained  effective  phytotoxic  concentrations  in  the  pools 
(table  A8) .  The  potted  plants  placed  in  the  Fenac-treated  pools  were 
killed  in  about  the  same  amount  of  time  (4  weeks)  required  for  the 
original  plants  to  be  killed  (table  A?). 

26.  Because  persistent  residues  in  the  Fenac-treated  pools  de¬ 
stroyed  the  introduced  plants,  it  was  necessary  to  continually  replen¬ 
ish  dead  plants  with  new  healthy  plants  in  order  to  continue  the 
bioassay.  Plants  were  replaced  when  no  living  tissue  was  discernible. 
Since  the  plants  were  not  replaced  at  any  set  interval,  the  results  of 
these  bioassays  are  expressed  in  table  A9  as  the  average  length  of  time 
required  for  100%  control  of  the  plants. 

27.  The  evaluations  were  carried  out  over  periods  ranging  from 
77  to  235  days  after  the  initial  treatments  Over  this  period  of 
time,  survival  of  introduced  plants  varied  from  28  to  44  days.  These 
results  indicate  that  phytotoxic  concentrations  of  Fenac  were  being 
maintained  in  the  pools  through  235  days  after  treatment.  The  tests 
were  terminated  at  that  time. 
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Table  A8 


Effects  of  Various  Formulations  of  2,4-D  on  Eurasian 


Water 

Milfoil 

Introduced  into  Pools 

77  Days 

After 

Initial 

Pool 

Treatments 

Treat¬ 

ment 

Rate 

Percent  Control, 

Days  After  Treatment 

ppmw 

88 

95 

108 

122 

136 

Base  8yA  (PVC) 

20.0 

3 

8 

20 

35 

32 

13 

10.0 

5 

17 

47 

53 

53 

4? 

LV-4  (PVC) 

5.0 

0 

8 

42 

60 

70 

60 

2.5 

0 

*7 

i 

8 

33 

43 

18 

14ACE-B  (rubber) 

5.0 

5 

13 

18 

13 

8 

10 

2.5 

2 

5 

8 

12 

8 

8 

11ACE-E  (rubber) 

5-0 

0 

7 

2 

7 

5 

3 

2.5 

1 

6 

10 

8 

0 

0 

Fenac  acid  ( PVC ) 

5.0 

7 

13 

62 

98 

100 

100 

2.5 

8 

18 

68 

98 

99 

100 

Alkyl  amine 

5.0 

2 

5 

50 

4l 

47 

47 

(encapsulated ) 

2.5 

1 

6 

45 

48 

47 

43 

Control 

0 

0 

2 

8 

5 

2 
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Table  A9 


Days  Required  to  Produce 

100$  Control  of  Water  Milfoil 

Plants 

Introduced  into 

Fenac- Treated  Pools  During 

Four 

Evaluation  Periods 

Treatment 

Evaluation 

Injury  Evident, 

Evaluation 

Interval 

Rato,  ppmw 

Period 

Days  After  Treatment 

days* 

5-0 

1 

37 

77-123 

2 

44 

109-165 

3 

36 

165-207 

4 

28 

193-235 

2.5 

1 

44 

77-137 

2 

28 

123-165 

3 

36 

137-207 

4 

28 

165-235 

Note:  Injury  to  plants  in  control  pools  during  entire  evaluation  period 
ave raged  3$. 

*  Days  after  treatment  during  which  evaluation  period  extended. 


28.  The  results  of  water  residue  analyses  to  determine  herbicide 
persistence  are  given  in  table  A10.  These  data  are  tabulated  in  the 
order  of  decreasing  persistence  and  release. 

29-  Fenac  in  PVC  was  the  most  persistent  of  all  the  formulations 
tested  and  was  also  the  formulation  that  produced  the  highest  residue 
level.  The  5-0-ppmw  treatments  produced  a  4.1-ppm  concentration  in  the 
yo-day  sample  which  was  8 2$  of  the  amount  applied  initially. 

30.  The  next  highest  concentration  reached  in  the  pools  was  in  the 
treatments  with  the  Base  89A  (PVC)  formulation.  A  concentration  of 

2.2  ppmw  was  measured  in  the  l4-day  sample  and  represents  approximately 
11$  of  the  amount  initially  applied.  The  amount  of  active  ingredient 
applied  in  this  instance  was  four  times  greater  than  in  the  Fenac 
treatments,  but  resulted  in  lower  residue  levels. 

31.  The  rubber  formulation  11ACE-E  produced  maximum  residues  of 
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0.86  ppmw  in  the  l4-day  sample,  which  represents  1 7$>  of  the  possible 
treatment  maximum.  The  rubber  formulation  l4ACF,-B  also  produced  a  peak 
concentration  at  approximately  l4  days.  The  PVC  formulation  of  LV-4  was 
next,  arid  the  lowest  residue  levels  were  obtained  from  the  encapsulated 
alkyl  amine  formulation.  These  levels  were  only  2 %  to  jfo  of  the  quan¬ 
tity  originally  applied. 

32.  Except  for  the  Fenac  acid,  all  residues  had  disappeared  from 
water  by  the  98th  day  after  treatment.  The  reason  for  idle  disappearance 
of  the  herbicides  is  not  known  at  present,  but  could  be  due  to  absorp¬ 
tion  by  plants  and  algae,  through  decomposition,  or  through 
precipitation . 

33-  The  pattern  of  residue  levels  in  water  adds  little  to  the 
overall  picture.  All  treatment  rates  of  all  formulations  were  effective, 
even  the  encapsulated  amine  formulation  which  produced  the  lowest  resi¬ 
due  levels. 

34.  The  results  of  tests  completed  in  FY  70*  revealed  that  herbi¬ 
cide  levels  in  water  treated  at  a  4-ppmw  rate  with  Base  89A  in  PVC  were 
not  effectively  maintained  beyond  7  days.  It  was  recommended  that  this 
compound  be  evaluated  at  higher  treatment  rates  to  determine  if  concen¬ 
trations  could  be  maintained  for  longer  periods .  A  fivefold  increase 
in  treatment  rate  to  20  ppm  resulted  in  maintaining  a  higher  concentra¬ 
tion  in  water  over  the  same  period.  Residue  levels  were  detectable  for 
a  shorter  time  in  the  present  tests,  however. 

39 •  In  the  FY  70  tests,  residues  were  detected  through  42  days, 
whereas  in  the  present  test  residues  were  below  the  level  of  detection 
after  the  same  period.  Except  for  Fenac,  none  of  the  formula.tions 
effectively  maintained  herbicide  levels  to  42  days.  Residues  of  Fenac 
were  still  being  detected  nearly  a  year  after  treatment.  The  persis¬ 
tence  of  Fenac  is  primarily  a  function  of  the  herbicide  rather  than  the 

*  Annual  Report  for  FY  70.  Cooperative  Investigations  Between  the 
Corps  of  Engineers  and  USDA  Aquatic  Weeds  Investigations. 


formulations ,  since  Fenac  alone  has  been  shown  to  resist  microbial 
breakdown  and  to  persist  in  aquatic  habitats  for  1  to  2  yr .* 

36.  The  results  of  the  bioassays  and  of  the  residue  analyses  in¬ 
dicate  that  of  the  six  controlled-release  formulations  evaluated,  only 
Fenac  could  be  expected  to  maintain  phytotoxie  herbicide  levels  in 
water  sufficient  to  control  regrowth  of  water  milfoil* 


Herbicide  Contact  Time  Versus  Concentration  Stud\ 


Methods  and  materials 

37*  The  results  of  static  water  bioassays  indicate  that  herbicides 
are  released  from  controlled-release  formulation  at  rates  sufficient  to 
produce  phytotoxic  concentrations.  Unless  these  materials  are  to  be 
used  only  under  static  water  conditions,  the  critical  tests  will  be  in 
flowing  water  situations.  The  relations  between  herbicide  concentra¬ 
tions  in  water  and  contact  time  with  the  plant  must  be  determined  in 
order  to  design  carriers  with  the  proper  release  rates.  These  data  are 
required  for  each  plant  and  herbicide  combination.  The  purpose  of  these 
experiments  was  to  obtain  information  of  the  relation  between  the  con¬ 
centrations  of  2,4-D  BEE  in  water  and  phytotoxicity  to  water  milfoil 
following  various  periods  of  exposure  to  the  various  concentrations  of 
herbicide . 

38.  Apical  cuttings  of  water  milfoil  were  planted  in  2-in.  pots 
containing  a  1-to-l  sand-peat  soil  mixture.  Each  pot  held  three  3-in.- 
long  cuttings. 

39*  In  test  1,  the  pots  were  placed  in  5-gal  aquaria  in  the  growth 
room.  The  temperature  wa.s  25  C,  light  intensity  was  80-100  ft-c  on  a 
12-hr  photoperiod.  Water  in  the  aquaria  was  replaced  every  3  days. 

After  8  days,  appropriate  volumes  of  2,4-E  BEE  stock  solution  were 
added  to  the  aquaria  to  bring  the  concentration  to  0.5j  1.0,  2.5>  or 

*  See  **  footnote  on  p.  A12. 
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5*0  ppmw  of  2,4-D.  After  0,  1,  2,  4,  8,  16,  24,  48,  or  98  hr  of  con¬ 
tact,  the  plants  were  removed  from  the  aquaria,  rinsed  in  running  water 
for  30  min,  and  then  placed  in  gallon  jars  in  the  growth  room.  Ex¬ 
posure  times  were  replicated  three  times  and  consisted  of  two  pots  per 
jar.  Because  of  the  number  of  jars  involved;  this  test  was  conducted 
in  two  parts,  11  days  apart.  The  first  part  consisted  of  1-  to  8-hr 
exposure  times,  and  the  second  part  of  16-  to  96-hr  exposure  times.  A 
second  test  was  conducted  in  which  treatments  were  applied  in  outdoor 
tanks.  Three  tanks  86  in.  long  by  30  in.  wide  by  19  in.  deep  containing 
190  gal  of  water  were  used  in  the  test.  Potted  milfoil  plants  were 
placed  in  the  tanks  and  after  2  weeks,  treatments  of  0.5,  1.0,  or 
2.5  ppmw  of  2,4-D  were  applied  as  previously  described.  Water  tempera¬ 
ture  at  the  time  of  treatment  was  18  C.  Treatment  of  the  plants,  ex¬ 
posure  times,  and  number  of  replicates  were  the  same  as  those  in  the 
first  test.  Observations  were  made  at  weekly  intervals  to  determine 
percent  herbicidal  injury. 

Results  of  test  1 

40.  As  might  be  predicted,  herbicide  injury  to  the  plants  in¬ 
creased  with  increasing  concentration  or  exposure  time.  Water  milfoil 
was  destroyed  after  a  1-hr  exposure  to  a  J-ppnw  concentration  of  2,4-D 
(table  All).  A  4-hr-exposure  period  was  required  at  the  2.5-Ppmw  rate. 
In  one  part  of  the  test  with  the  1.0-ppmw  treatment  rate,  an  8-hr 
exposure  produced  adequate  control,  but  in  the  second  part  of  this  test 
no  exposure  time  was  adequate.  Not  one  of  the  exposure  times  was  ade¬ 
quate  at  the  0.5-pptnw  concentration  in  these  tests. 

41.  In  both  the  0.5-  and  1.0-ppmw  treatments,  a  difference  in 
plant  response  was  observed  between  the  8-  and  16-hr  exposure  times. 

The  extent  of  damage  was  less  for  exposure  periods  of  16  hr  or  longer 
than  for  the  8-hr  exposure.  The  obvious  general  explanation,  consider¬ 
ing  that  the  test  was  separated  in  time  at  this  point,  is  that  the 
experimental  conditions  were  altered  in  some  way.  Because  of  the  ap¬ 
parent  anomalous  response  of  the  plants  to  increasing  exposure  times  ■ 
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Table  All 

Response  of  Water  Milfoil  to  Increasing  Periods  of  Exposure  to 
Several  Concentrations  of  2,,4-P  (Test  l) 


Treatment 
Rates  of 

Exposure 

1 

it 

2,4-D 

Ti  me 

l^ercent  In.iury, 

Weeks 

After 

Treatment 

PPTTTW 

.  hr 

1 

2 

3 

5 

6 

7 

8^ 

9 

10 

| 

5.0 

1 

10 

17 

82 

90 

93 

95 

99 

100 

3.00 

100 

2 

17 

32 

88 

95 

98 

98 

100 

100 

100 

100 

4 

13 

28 

92 

97 

99 

99 

100 

100 

100 

100 

1 

8 

15 

37 

96 

98 

99 

99 

100 

100 

100 

100 

16 

12 

37 

95 

98 

99 

100 

100 

100 

100 

100 

J 

24 

18 

67 

99 

100 

100 

100 

100 

100 

100 

100 

I 

48 

17 

80 

99 

100 

100 

100 

100 

100 

100 

100 

% 

96 

20 

87 

99 

100 

100 

100 

100 

100 

100 

100 

| 

2.5 

1 

12 

13 

20 

48 

80 

87 

97 

98 

98 

97 

2 

8 

15 

35 

65 

88 

90 

92 

93 

93 

90 

4 

17 

18 

?2 

77 

95 

96 

99 

100 

10C 

100 

8 

18 

20 

78 

87 

97 

97 

100 

100 

100 

100 

16 

13 

25 

82 

92 

94 

99 

100 

100 

100 

100 

$ 

24 

10 

25 

85 

92 

93 

99 

100 

100 

100 

100 

48 

15 

48 

95 

97 

99 

100 

100 

100 

100 

100 

I 

96 

17 

50 

97 

99 

100 

100 

100 

100 

100 

100 

1.0 

1 

6 

7 

12 

12 

4t 

50 

67 

82 

63 

77 

i 

2 

10 

10 

17 

20 

60 

67 

82 

87 

90 

88 

4 

17 

15 

27 

32 

68 

78 

88 

93 

96 

93 

i 

8 

17 

18 

28 

38 

70 

80 

95 

99 

100 

100 

J 

XO 

12 

13 

27 

47 

65 

72 

60 

55 

55 

53 

■ 

24 

10 

17 

2? 

42 

70 

75 

70 

65 

60 

60 

48 

12 

20 

38 

67 

82 

88 

85 

85 

85 

85 

96 

15 

20 

57 

75 

80 

90 

85 

87 

87 

90 

0.5 

1 

5 

5 

10 

13 

27 

40 

38 

42 

45 

40 

2 

5 

5 

10 

18 

ho 

55 

62 

60 

58 

57 

A 

4 

10 

12 

18 

28 

57 

58 

53 

57 

55 

52 

. 

8 

1? 

13 

17 

30 

63 

68 

70 

73 

73 

63 

16 

10 

10 

15 

32 

55 

67 

65 

62 

53 

55 

24 

5 

10 

17 

28 

58 

70 

63 

62 

58 

60 

• 

48 

10 

12 

17 

42 

70 

85 

77 

73 

67 

63 

96 

13 

13 

17 

37 

73 

82 

68 

65 

60 

60 

1 

Controls 

Part  1 

0 

0 

0 

2 

4 

12 

12 

18 

20 

20 

1-8 

Part  2 

0 

0 

0 

0 

0 

0 

2 

2 

4 

6 

16-96 

3 
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at  these  two  concentrations,  the  tests  were  repeated.  The  results  of 
the  second  test  are  shown  in  table  A1.2. 

Results  of  rest  2 

42.  In  this  test,  as  in  the  previous  test,  plant  injury  increased 
with  both  increased  herbicide  concentrations  and  exposure  times.  Maxi¬ 
mum  injury  to  water  milfoil  with  the  0.5-ppmw  treatment  was  observed 
6  weeks  following  a.  Q6-lvr  exposure  to  the  herbicide.  The  injury  rating. 

Table  A12 

Response  of  Water  Milfoil  to  Increasing  Fbriods  of  Exposure 
to  Several  Concentrations  of  2,4-D  (Test  2) 


Treatment 

Rates  of  Exposure 


2,4-D  Time  _  Percent  Injury ,  Weeks  After  Treatment 


ppmw 

hr 

1 

2 

3 

5 

6 

7 

8 

9 

10 

0.5 

1 

5 

5 

7 

10 

12 

23 

25 

35 

28 

28 

2 

5 

5 

8 

12 

12 

32 

35 

45 

40 

38 

4 

5 

8 

12 

15 

17 

37 

38 

45 

4o 

40 

8 

5 

10 

15 

27 

40 

53 

60 

63 

55 

53 

16 

5 

10 

15 

33 

45 

58 

67 

68 

63 

58 

24 

10 

12 

17 

43 

58 

68 

68 

73 

60 

63 

48 

12 

15 

23 

45 

70 

77 

68 

77 

73 

70 

96 

15 

17 

28 

52 

82 

88 

77 

78 

77 

75 

1.0 

1 

5 

5 

10 

13 

17 

42 

43 

53 

40 

47 

2 

7 

8 

10 

17 

33 

43 

42 

53 

48 

48 

4 

8 

12 

15 

18 

37 

43 

45 

55 

53 

50 

8 

10 

13 

20 

33 

50 

67 

70 

67 

68 

68 

16 

10 

15 

22 

48 

68 

83 

87 

88 

90 

92 

ok 

12 

17 

25 

55 

78 

88 

88 

90 

90 

QP 

s— 

48 

15 

18 

33 

68 

93 

97 

100 

100 

100 

100 

96 

17 

23 

4o 

82 

95 

99 

100 

100 

100 

100 

2.5 

1 

8 

10 

13 

25 

72 

78 

72 

68 

55 

53 

2 

8 

12 

15 

33 

78 

85 

82 

82 

78 

77 

4 

10 

15 

22 

53 

77 

88 

87 

88 

87 

90 

8 

10 

17 

33 

70 

94 

97 

99 

100 

100 

100 

Controls 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 
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was  seen  to  decrease  at  later  observation  periods  indicating  that  re- 
growth  was  occurring.  The  slow  rate  of  increase  in  the  injury  rating 
with  increasing  exposure  time  is  evidence  that  the  0.5-ppmw  concentra¬ 
tion  was  too  low  to  be  effective. 

43.  The  1.0-ppmw  treatment  pi'oduced  a  maximum  injury  and  effec¬ 
tive  control  of  water  milfoil  7  weeks  after  a  48-hr-exposure  period. 

The  24-hr-exposu.re  period,  although  producing  approximately  90$  injury 
to  the  plants  after  8  weeks,  was  not  adequate  as  the  increase  In  injury 
rating  beyond  this  period  was  too  gradual  to  be  significant. 

44.  The  2.5-ppmw  treatment  produced  100%  injury  to  the  plants 
7  to  8  weeks  after  an  8-hr-exposure  period. 

45.  Under  the  condition  of  the  second  test,  48  hr  of  contact  to 
2,4-D  BEE  applied  at  the  rate  of  1.0  ppmw  were  required  for  a  complete 
kill  of  the  test  plants.  Assuming  that  under  these  conditions,  this 

is  the  critical  combination  of  concentration  and  contact,  time  for  2,4-D 
and  water  milfoil,  the  amount  ,'>f  herbicide  required  for  control  is  de¬ 
pendent  upon  the  flow  rate  of  water,  ^or  example,  a1  a  rate  of  dis¬ 
charge  of  1  cubic  foot  per  second  (cfs),  86,4uu  cu  ft  of  water 
(646,317  Sal)  would  flour  past,  a  given  point  in  24  hr.  In  48  hr, 
1,292,634  gal  or  10,787,419  lb  of  water  would  flow  past  this  point. 

In  order  to  maintain  a  1.0-ppmw  concentration  of  the  herbicide  in  this 
volume  of  water  for  48  hr,  approximately  10.8  lb  of  2,4-D  would  be 
required. 

46.  Release  rate  studies  on  a  30%  formulation  of  2,4-D  BEE  in  PVC 
conducted  at  Edgewood  Arsenal  during  FY  70  revealed  that  7 .6%  of  the 
initial  amount  incorporated  into  pellets  was  released  during  the  first 
day.  The  amount  released  was  11.0$  on  the  third  day  and  l4 . 8$  on  the 
fifth  day.  This  corresponds  to  rates  of  7.6,  3-93,  and  2.96$  per  day, 
respectively,  for  the  three  observations.  The  average  for  the  three 
observations  is  5*2$  per  day.  Applying  this  value  as  an  estimate  for 
the  release  rate  figure,  104  lb  (0.052  X  104  =  5.4  lb  per  day)  of 
2,4-D  in  a  30$  formulation  would  be  required  per  cubic  foot  per  second 
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of  discharge  to  maintain  a  1.0-ppmw  concentration  for  48  hr  (the  30$ 
designation  refers  to  the  concentration  of  the  ester  in  the  formula¬ 
tion  which  converts  to  21$) .  In  order  to  provide  approximately  104  lb 
of  2,4-D  acid,  495  lb  of  the  30$  formulation  would  be  required  per 
cubic  foot  per  second;  that  is,  0.21  x  495  =  104.  At  a  discharge 
rate  of  100  cfs  (not  an  uncommonly  high  rate),  49,500  lb  of  the 
controlled-release  formulation  would  be  required  to  maintain  a  1.0-ppmw 
concentration  over  a  24-hr  period.  These  calculations  assume  that  the 
rate  of  herbicide  release  from  the  carriers  is  constant.  This  crite¬ 
rion  has  not  been  met  to  date,  as  the  release  rates  have  been  shown  to 
decrease  with  time.  A  decreasing  release  rate  would  tend  to  reduce  the 
amount  of  herbicide  released  and  consequently  wc  ild  reduce  the  herbicide 
concentration  in  water  belo w  the  critical  phytotoxic  level. 

47.  In  a  flowing  water  situation,  the  controlled-release  formula¬ 
tions  as  presently  designed  would  be  a  prohibitively  costly  method  of 
controlling  water  milfoil.  This  would  be  true  even  if  it  were  possible 
to  provide  a  sustained  release  of  2,4-D  from  the  formulations  beyond 

6  or  8  weeks .  There  may  be  an  advantage  in  using  controlled-release 
formulations  in  nonflowing  water.  The  criterion  of  providing  a  carrier 
system  with  a  constant  release  rate  would  still  apply,  however.  Criti¬ 
cal  phytotoxic  concentrations  in  water  would  still  need  to  be  maintained 
in  order  to  provide  control  of  regrowth  or  retardation  of  existing 
plant  growth. 

Toxicity  of  Controlled-Release  Formulations  to  Fish 

Methods  and  materials 

48.  Before  the  controlled-release  herbicide  formulations  are 
field  tested,  information  of’  potential  environmental  effects  should  be 
obtained.  For  this  reason,  an  evaluation  of  the  compounds  in  terms 

of  toxicity  to  fish  is  of  primary  importance. 

49.  The  purpose  of  this  experiment  was  to  determine  the  toxicity 
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of  various  formulations  of  herbicide  on  three  species  of  fishes  over  a 
period  of  7  days.  The  species  selected  were  bass  (Mlcropterus 
punctulatus) ,  bluegill  (Lepomis  macrochirus) ,  and  catfish  (ictalurus 
punctatus) . 

50.  The  fish  species  under  investigation  were  maintained  in  3-gal 
plastic  containers  at  temperatures  of  20-22  C  with  a  photoperiod  of 

12  hr  at  80  ft-c.  Each  herbicide  formulation  in  the  bass  experiment 
required  39  containers  and  two  fish  per  container,  except  the  control 
which  used  1 6  containers.  The  biuegill  test  required  four  containers 
for  each  rate  of  herbicide  and  five  fish  per  container,  except  the 
control  which  used  10  containers.  The  catfish  test  required  four  con¬ 
tainers  with  five  fish  in  each  container  for  each  rate  of  herbicide, 
except  the  control  which  used  20  containers. 

51.  Each  formulation  was  assayed  at  two  rates  for  the  evaluation 
periods  1,  2,  4,  8,  24,  and  48  hr.  Evaluations  on  bass  extended  through 
96  hr  and  on  catfish  through  168  hr.  The  percent  mortality  was  calcu¬ 
lated  at  the  end  of  each  individual  evaluation  period. 

92.  The  controlled-release  formulations  and  rates  used  were: 

11ACE-E,  20$  acid  equivalent  (a.e.)  at  5  arid  10  ppmw;  14ACE-B, 

16.1$  a.e.  at  5  and  10  ppmw;  encapsulated  alkyl  amine  salt  of  2,4-1), 

22.6$  a.e.  at  9  and  10  ppmw 5  Fenac,  21$  a.e.  at  9  and  10  ppmw;  Base 

89A  (PVC)  at  10  and  20  ppmw;  and  LV-4  (FVC),  13$  a.e.  at  5  and  10  ppmw. 

Bass 

93.  Data  from  tests  with  bass  (Mlcropterus  punctulatus)  exposed 
to  5-  and  10-ppmw  Fenac  for  a  period  of  9o  hr  are  presented  in  table 
A13.  The  highest  rate  of  mortality  was  1$,  which  occurred  in  the  con¬ 
trols  after  48  hr.  There  was  also  1$  mortality  after  exposure  of  bass 
to  10-ppmw  Fenac  for  a  period  of  8  hr.  Because  suppliers  were  unable 
to  provide  additional  fish  for  the  tests,  Fenac  was  the  only  compound 
assayed  on  bass. 

Biuegill 

54.  The  evaluation  perioi  for  bluegill  (Lepomis  macrochirus) 

A?7 


was 


Table  A13 


Toxicity  of  Fenac  Formulated  in  PVC  on  Bass  in 
Still-Water  Laboratory  Tests 


No.  of 
Fish 

Treat¬ 

ment 

Rate 

Percent  Mortality, 

Hours  After  Treatment 

Used 

Formulation 

ppmw 

1 

2 

4 

24 

48  72 

0  0 

2& 

0 

78 

Fer.ac  (PVC) 

5 

0 

0 

0 

0 

0 

78 

Fenu ::  (..  7C) 

10 

0 

0 

0 

1 

1 

1  1 

1 

32 

Control 

0 

0 

0 

0 

0 

1  1 

1 

Note:  Fenac  toxic '  y  is  an  average  of  39  replicates.  The  control  is  an 
average  of  lu  replicates . 

terminated  after  48  hr  because  the  fish  tended  to  feed  on  the  chemical 
after  this  period  (table  Al4) . 

55-  Table  Al4  indicates  that  the  highest  mortality  of  bluegill 
was  6%,  which  occurred  in  the  controls.  The  highest  mortality  result¬ 
ing  from  exposure  to  the  herbicides  was  40$  from  5  ppmw  of  the  encap¬ 
sulated  alkyl  amine  after  48  hr.  The  lowest  mortality  of  bluegill  was 
13$  which  resulted  from  exposure  to  10  ppmw  of  the  14ACE-B  and  20  ppmw 
•pf  the  Base  89A  after  48  hr . 

56.  The  mortality  of  20  bluegiils  exposed  to  5  ppmw  of  11ACE-E  for 
the  evaluation  jjeriods  through  8  lir  was  0.0$.  After  24  hr  the  mortality 
was  and  after  48  hr  35$ • 

57.  Exposure  of  20  bluegiils  to  10  ppmw  of  11ACE-E  for  the  eval¬ 
uation  period  through  8  hr  resulted  in  0.0 $  mortality.  The  24-hr 
evaluation  resulted  in  8$  mortality.  After  48  hr,  there  was  23$ 
mortality. 

58.  Of  the  20  bluegiils  exposed  to  5  ppmw  of  LV-4  (FVC) ,  no 
deaths  occurred  during  the  first  8  hr  of  the  test.  After  24  hr  there 
was  5$  mortality,  and  after  48  hr  23$  mortality. 
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Table  Alb 

Toxicity  of  Various  Formulations  of  Herbicides  to 
Bluegill  in  Still-Water  Laboratory 


Treat¬ 

i 

X 

No.  of 

ment 

Percent  Mortality, 

Fish 

Rate 

Hours  -After 

■eatment 

a 

\ 

Used 

Formulation 

ppmw 

1 

2 

4 

if 

24 

“ 4H 

20 

11ACE-E 

5 

0 

0 

0 

0 

5 

35 

■f 

20 

10 

0 

0 

0 

0 

8 

23 

ri 

a? 

20 

lv-4  (pvc ) 

5 

0 

0 

0 

0 

5 

23 

l 

20 

10 

0 

0 

0 

0 

3 

23 

*{ 

% 

4o 

Base  89A  (PVC) 

10 

0 

0 

0 

3 

5 

25 

39 

20 

0 

0 

0 

0 

3 

13 

4o 

14ACE-B 

5 

0 

0 

0 

0 

3 

18 

39 

10 

0 

0 

0 

3 

3 

13 

j 

40 

Fenac 

5 

0 

0 

0 

0 

3 

18 

.1 

\ 

40 

10 

0 

0 

0 

0 

8 

33 

h 

4o 

Alkyl  amine 

5 

0 

0 

0 

0 

9 

40 

t 

40 

salt  (2,4-D 
encapsulated ) 

10 

0 

0 

0 

0 

0 

23 

j 

95 

Control 

0 

0 

0 

1 

12 

65 

Note:  Each  value  is  an  average  of  4  replicates  except  the  control  -which 
is  an  average  of  19- 


59-  Of  tne  2C  bluegills  exposed  to  10-ppmw  LV-4  (PVC) ,  no  deaths  j 

occurred  during  the  first  8  hr  of  the  test.  After  24  hr,  -chere  was  3% 
mortality.  After  48  hr,  there  was  23%  mortality.  ? 

60.  The  mortality  of  40  bluegills  exposed  to  10-ppmw  Base  89A 

(PVC)  for  the  evaluation  periods  through  4  hr  was  0.0%.  After  8  hr  i 

there  was  3%  mortality;  after  24  hr,  5%  mortality;  and  after  48  hr,  2^%  ) 

mortality.  i 

61.  Of  the  39  bluegills  exposed  to  20-ppmv  Base  89A  (PVC)  for  ' 

\ 

-=S 

’i 
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the  evaluation  period  through  8  hr,  there  were  no  deaths.  The  24-hr 
exposure  resulted  in  3 %  mortality.  After  48  hr  there  was  13%  mortality. 

62.  The  mortality  of  40  bluegills  exposea  to  5-ppmw  14ACE-B  for 
the  evaluation  periods  through  8  hr  was  0.0%.  There  was  3%  mortality 
after  24  hr  and  18%  mortality  after  48  hr. 

63-  Of  the  39  bluegills  exposed  to  10-ppmw  14ACE-B  for  the  period 
through  4  hr,  there  were  no  deaths.  After  8  hr,  there  was  3%  mortality. 
The  24-hr  exposure  resulted  in  3%  mortality.  After  48  hr,  there  was 
13%  mortality. 

64.  The  mortality  of  40  bluegills  exposed  to  5-ppmw  Fenac  for  the 
evaluation  periods  through  8  hr  was  0.0%.  There  was  3%  mortality  after 
24  hr  and  18%  mortality  after  48  hr. 

65 •  Of  the  40  bluegills  exposed  to  10-ppmw  Fenac  for  the  period 
through  8  hr,  there  were  no  deaths.  After  24-hr  exposure  there  was 
8%  mortality  and  after  48-hr,  33%  mortality. 

66.  The  mortality  of  40  bluegills  exposed  to  5-ppmw  of  the  alkyl 
amine  for  the  evaluation  period  through  8  hr  was  0.0%.  There  was  5% 
mortality  after  24  hr  and  40%  mortality  after  48  hr. 

6 7.  Of  the  40  bluegills  exposed  to  10-ppmw  of  the  alkyl  amine  for 
the  period  through  24  hr,  there  were  no  deaths.  After  48  hr,  there  was 
23%  mortality. 

68.  The  mortality  of  95  bluegills  in  the  control  for  the  evalua¬ 
tion  period  through  4  hr  was  0.0%.  There  was  1%  mortality  after  8  hr. 
After  24-hr  exposure  there  was  12%  mortality  and  after  4-8-hr,  65% 
mortality. 

Catfish 

69.  The  exposure  period  for  catfish  (ictalurus  punctatus)  was 
terminated  after  the  l68-hr  evaluation. 

70.  Data  from  tests  of  catfish  indicate  the  highest  mortality  was 
25%  which  occurred  in  the  fish  exposed  to  5-ppmw  Fenac  for  a  period  of 
168  hr  (table  A15) •  The  lowest  mortality  of  catfish  was  0.0%  which 
resulted  from  exposure  for  168  hr  to  5-ppmw  14ACE-B,  10-ppmw  LV-4  (FVC), 
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Table  A15 


Toxicity  of  Various  Formulations  of  Herbicides  to  Catfish 
in  Still-Water  Laboratory  Tests 


Formulation 

11ACE-E 


Treat¬ 

ment 

Rate 

ppmw 


Percent  Mortality, 
Hours  After  Treatment 


0  0  0  0  10  10  10 
0  0  0  10  18  18  18 


4o 

lv-4  ( pvc ) 

5 

0 

0 

0 

0 

8 

8 

8 

8 

8 

4o 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

40 

Base  89A  (PVC) 

10 

0 

0 

0 

0 

5 

10 

13 

13 

13 

4o 

20 

0 

0 

0 

0 

18 

20 

23 

23 

23 

4o 

14ACE-B 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1  4o 

i 

10 

0 

0 

0 

0 

0 

13 

13 

13 

13 

!  4o 

Fenac 

5 

0 

0 

0 

0 

5 

13 

13 

15 

25 

!  4o 

t 

10 

0 

0 

0 

0 

18 

18 

18 

23 

23 

1  40 

Alkyl  amine 

5 

0 

0 

0 

0 

13 

13 

13 

13 

13 

4o 

salt 

(encapsulated ) 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

96 

Check 

0 

0 

0 

0 

6 

16 

16 

18 

22 

Note : 

Each  value  is  an 

average 

of  4  replicates, 

exc 

apt  the  control 

which  is  an  average  of  19 « 


and  10-ppmw  of  the  alkyl  amine. 

71.  There  were  no  deaths  of  the  20  catfish  exposed  to  5-PPnw 
11ACE-E  for  the  evaluation  period  through  24  hr.  There  was  10%  mortal¬ 
ity  for  the  48-,  72-,  96-,  and  l68-hr  exposures. 

72.  Of  the  20  catfish  exposed  to  10-ppmw  11ACE-E  for  the  periods 
through  8  hr  there  was  0.0%  mortality.  There  was  10%  mortality  after 
24  hr.  After  48  hr  and  through  168  hr  there  was  18%  mortality. 

73-  Of  the  40  catfish  exposed  to  5-ppmw  LV-4  (FVC)  for  the  period 
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through  8  hr  there  was  0.0$  mortality.  For  the  period  24  hr  through 
168  hr  there  was  8 $  mortality. 

74.  Of  the  4o  catfish  exposed  to  10-ppmw  LV-4  (PVC)  for  the  period 
through  168  hr  there  were  no  deaths. 

75.  The  mortality  of  40  catfish  exposed  to  10-ppmw  Base  89A  (PVC) 
for  the  period  through  8  hr  was  0.0$.  There  was  5$  mortality  after 

24  hr.  After  48  hr  there  was  10$  mortality.  For  the  period  72  hr 
through  168  hr  there  was  13$  mortality. 

7 6.  Of  the  40  catfish  exposed  to  20-ppmw  Base  89A  (PVC)  for  the 
period  through  8  to  there  were  no  deaths.  There  was  18$  mortality 
after  24  to.  After  48  hr  there  was  20$  mortality.  For  the  period  72  hr 
through  168  hr  the  mortality  rate  was  23$. 

77*  The  mortality  of  40  catfish  exposed  to  5-ppmw  14ACE-B  for  the 
period  through  168  hr  was  0.0$. 

78.  Of  the  40  catfish  exposed  to  10-ppmw  14ACE-B  for  the  period 
through  24  to  there  were  no  deaths.  For  the  period  48  to  through  168  hr 
the  mortality  rate  was  13$ • 

79-  The  mortality  of  40  catfish  exposed  to  5-ppmw  Fenac  for  the 
period  through  8  to  was  0.0$.  After  24  hr  there  was  5$  mortality.  For 
the  period  48  hr  through  72  hr  there  was  13$  mortality,  after  98  hr 
there  was  15$  mortality,  and  after  168  hr  there  was  25$  mortality. 

80.  Of  uhe  40  catfish  exposed  to  10-ppmw  Fenac  for  the  period 
through  8  hr  there  were  no  deaths .  For  the  period  24  hr  through  72  hr 
there  was  10$  mortality.  For  the  period  96  hr  through  168  to  there  was 
23$  mortality. 

81.  The  mortality  of  40  catfish  exposed  to  5-ppmw  of  the  alkyl 

amine  for  the  period  through  8  hr  was  0.0$.  For  the  period  24  hr 

through  168  to  there  was  13$  mortality. 

82.  Of  the  40  catfish  exposed  to  10  ppmw  of  the  alkyl  amine  for 

the  period  of  1  hr  through  168  hr,  there  were  no  deaths. 

83.  The  mortality  of  the  96  catfish  exposed  to  the  control  for 

the  period  through  8  hr  was  0.0$.  After  24  hr,  there  was  6$  mortality. 


For  the  period  48  hr  through  72  hr  there  was  \G%  mortality.  After 
96  hr  there  was  18$  mortality.  After  l68  hr  there  was  22%  mortality. 
Conclusions  and  discussion 

04.  The  5  -ppmw  rate  of  11ACE-E,  the  10-ppmw  rate  of  Fenac,  and 
the  5-Ppnw  rate  of  alkyl  amine  resulted  in  33%  to  kO%  mortality  to 
bluegills  after  48-hr  exposure.  The  lowest  percentage  of  mortality 
resulted  from  the  20-ppm  Base  89A  (PVC). 

85.  The  highest  mortalities  of  catfish  were  2'}%  and  23 %  which  re¬ 
sulted  from  1.68-lir  exposure  to  5-ppmw  Fenac  and  from  72-hr  exposure 

to  20-ppmw  Base  89A  (PVC) ,  respectively.  The  lowest  mortality  was  0.0 % 
which  resulted  from  l68~hr  exposure  to  B-ppmw  14ACE-B,  10-ppmw  LV-4, 
and  10-ppmw  alkyl  amine  salt. 

86.  Bass,  after  8-hr  exposure  to  10-ppmw  Fenac,  had  1 %  mortality. 
This  indicated  that  bass  and  bluegill  are  similarly  susceptible  to  Fenac. 

87.  Catfish,  however,  showed  no  toxicity  to  Fenac  unt.il  after  an 
exposure  of  24  hr.  This  indicated  that  bass  and  bluegill  were  more 
affected  by  the  Fenac  treatment. 

88.  Several  factors  could  influence  the  levels  of  toxicity.  One 
obvious  factor  is  the  toxicity  of  the  chemical  involved.  Another  factor 
is  the  material  which  encapsulates  the  tim  -release  herbicides.  Due 

to  the  lack  of  knowledge  concerning  the  use  of  such  material  as  PVC  for 
capsules,  there  may  be  factors  influencing  toxicity  which  have  not  been 
recognized. 

89.  None  of  the  formulations  appeared  to  be  toxic  to  the  test  fish 
under  the  conditions  of  these  tests.  At  no  point  in  the  evaluation  did 
the  mortality  of  the  treated  fish  a]  pear  significantly  higher  than  the 
fish  in  the  controls. 


^estions  for  further  study 


90.  Suggestions  for  further  study  are  as  follows: 


a.  Correlation  of  herbicide  concentration  levels  in  the 

aquatic  environment  with  those  levels  present  in  the  tis¬ 
sue  of  the  fish  population. 


b.  Influence  of  herbicides  on  the  reproduction  of  bass,  blue- 
gill,  and  catfish. 

c.  Effect  of  herbicides  on.  the  rate  of  growth  of  bass,  blue- 
gill,  and  catfish. 


EVALUATION  OF  SLOW -RELEASE  HERBICIDE  FORMULATIONS  FOR 
AQUATIC  WEED  CONTROL* 


Larry  M.  Nelson** 


1.  REFERENCES. 


a.  Memorandum  of  Intra-Agency  Agreement  between  U.  S.  Army  Envi¬ 
ronmental  Hygiene  Agency  and  the  Office,  Chief  of  Engineers,  15  October 
1968. 

b.  Entomological  Special  Study  No.  31-004-69/71 >  Evaluation  of 
Controlled  Release  Herbicide  Formulations  for  Aquatic  Weeds  July  1969- 
July  1970,  transmitted  23  October  1970. 

2.  PURPOSE.  The  objectives  of  this  investigation  were  as  follows: 

a.  Determine  the  concentrations  of  Fenac®  (2,3>6-trichlorophenoxy- 
acetic  acid),  butoxyethanol  ester  of  2,4-d.ichlorophenoxyacetic  acid 
(2,4-D  BEE),  and  alkanolamine  salts  of  2,4-dichlorophenoxyacetic  acid 
(2,4-D)  maintained  in  water  in  the  laboratory  when  formulated  in  poly¬ 
vinyl  chloride  plastisols  (pvc),  or  biodegradable  rubber,  or  when 
encapsulated. 

b.  Provide  laboratory  support  to  the  U.  S.  Department  of  Agricul¬ 
ture,  Field  Plantation  Laboratory,  Fort  Lauderdale,  Fla.  (hereafter 
referred  to  as  USDA,  Fort  Lauderdale),  by  conducting  residue  analysis 
of  water  samples  from  outdoor  pool  tests  of  slow-release  herbicide 
formulations . 

c. ‘  •  Formulate  herbicides  in  PVC  in  sufficient  quantities  for 
limited  outdoor  pool  testing  and  develop  a  slow-release  formulation 
of  Diquit®  (6,7-dihydrodipyrido  [l,2a:2* ,1'c]  pyrazinedium  salts) 
suitable  for  preliminary  laboratory  bioassay  studies. 


3-  GENERAL. 

a.  Earlier  investigations  (ref  para  lb)  demonstrated  the  feasi¬ 
bility  of  aquatic  weed  control  using  polymer  carriers  under  laboratory 
conditions.  It  was  a  recommendation  of  these  investigations  (ref  para 

*  Contribution  of  U.  S.  Army  Environmental  Hygiene  Agency,  Edgewood 
Arsenal,  Aberdeen  proving  Ground,  Md. 

**  Captain  MSC,  Entomologist,  Entomology  Sciences  and  Pesticides 
Division. 
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lb)  tliat  release  rate  studies  of  various  liei'bicides  from  PVC  and  bio¬ 
degradable  rubber  formulations  be  conducted  in  the  laboratory.  The 
report  further  recommended  that  new  experimental  formulations  should 
be  developed  and  tested  in  the  laboratory  and  that  cooperative  field 
studies  with  USDA,  Fort  Lauderdale,  be  initiated. 

b.  Laboratory  release  rate  studies  of  various  herbicides  in  FVC, 
biodegradable  rubber,  and  encapsulated  formulations  were  conducted. 

c.  Cooperative  studies  with  USDA,  Fort  Lauderdale,  were  initiated, 
wherein  this  Agency  provided  laboratory  support  for  field  studies. 

d.  Experimental  quantities  of  herbicides  in  PVC  were  produced  in 
the  laboratory  and  a  new  experimental  formulation  of  Diquat  was  ob¬ 
tained  commercially. 

4.  METHODS  AND  MATERIALS. 

a.  Laboratory  Release  Rate  Studies. 

(l)  Release  rates  of  Fenae  and  2,4-D  BEE  from  PVC  formulations 
into  water  were  determined  under  static  laboratory  conditions.  Degra¬ 
dation  rates  of  technical  Fenac,  teelinical  2,4-D  BEE,  and  2,4-D  BEE 
emulsifiable  concentrate  (e.c.)  were  also  determined.  Basic  components 
of  the  PVC  plastisol  formulations  were  the  resin  Geon®  135  and  the 
plasticizer  di- (2-ethylhexyl)  phthal ate  (plasticizer: resin  1:1).  For¬ 
mulations  evaluated  are  shown  in  table  Bl. 

Table  Bl 

Herbicide  PVC  Formulations 


Herbicide* 

Herbicide 

r& 

10 

Herbicide  a.e.** 

i 

Resin 

1o 

Plasticizer 

_ ..  ck .. ...  .. 

Fenac 

30 

21 

35 

35 

89A  2,4-D  BEE 

30 

21 

35 

0  r 

lv-4  2,4-D  BEE 

30 

13 

35 

35 

Control 

-- 

-_ 

50 

50 

*  Technical  Fenac  (70$  a.e.);  technical  89A  2,4-D  BEE  (70$  a.e.);  and 
Weedone®  LV-4  2,4-D  REE  emulsifiable  concentrate  (43.3$  a.e.).  Fur¬ 
nished  by  Amchem  Products,  Inc.,  Ambler,  Penn. 

**  Acid  equivalent. 


u)| 


mem 


& 


h 


(2)  Formulations  were  made  according  to  the  following  procedures: 
the  herbicide  and  plasticizer  were  added  to  the  Geon  135  resin  and  the 
mixture  stirred.  The  premixed  plastisols  were  poured  into  aluminum 
molds  and  thermally  cured  at  3.20-125  C  for  30  min.  The  resulting  pel¬ 
lets  had  an  average  weight  of  65  mg  and  a  density  >1.00. 

(3)  Release  rates  of  2,4-D  BEE  from  biodegradable  rubber  formula¬ 
tions  into  water  were  also  determined  under  static  laboratory  condi¬ 
tions.  Formulations  were  developed  by  the  Creative  Biology  Laboratory, 
University  of  Akron,  Akron,  Ohio,  and  forwarded  to  this  Agency  for 
evaluation.  Formulations  tested  are  shown  in  table  B2. 


Table  B2 


i 


Herbicide-Biodegradable  Rubber  Formulations  v. 

_ _ _ _ _  | 


Herbicide  a.e. 

Herbicide* 

Formulation 

i 

Density 

2,4-D  bee 

11ACE-C 

8.6 

<1.00 

v» 

* 

11A CE — E  c  liui  iK. 

21.8 

>1.00 

11ACE-E  ground 

20.3 

>1.00 

11ACE-J 

7.5 

>1.00 

11ACE-L 

9.7 

>1.00 

14ACE-A 

22.2 

<1.00 

i4ace-b 

16.1 

<1.00 

15ACE-B (L ) 

37.5 

>1.00 

1 

Control 

16ACE-A** 

— 

<1.00 

'} 

17ACE-A3 

-- 

<1.00 

£ 

*  Formulated  by  Creative  Biology  Laboratory,  Akron,  Ohio. 
**  Control  for  3.1ACE  series, 
t  Control  for  14ACE  and  15ACE  series. 


(4)  Release  rate  of  alkanolamine  salts  of  2,4-D  from  an  encapsu¬ 
lated  formulation  was  determined  under  static  laboratory  conditions. 
The  formulation  was  provided  by  the  3M  Company,  St.  Paul,  Minn.  Com¬ 
position  of  the  shell  material  is  a  mixture  of  polyethylene,  hydro¬ 
carbon  resin,  and  paraffin  wax.  The  formulation  contains  22.6%  acid 
equivalents  (a.e.)  alkanolamine  salts  of  2,4-D  and  has  a  density  >1.0. 
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i 

i 


! 

1 

j 

! 


■i* 
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(5)  All  formulations  were  evaluated  in  gallon  glass  jars  contain¬ 
ing  3  liters  of  tap  water.  The  dose  rate  for  all  formulations  tested 
was  10.0  ppm  a.e.  of  herbicide.  Technical  Fenac  was  applied  as  an 
acetone  solution.  The  jars  were  sealed  with  aluminum  foil  liners  and 
screw-cap  lids  to  minimize  loss  of  water  due  to  evaporation.  Each  for¬ 
mulation  was  replicated  three  times.  Pellets  containing  no  herbicide 
served  as  controls. 

(6)  Water  temperature,  pH,  and  10-ml  water  samples  for  residue 
analysis  were  taken  weekly  through  8  weeks.  Water  samples  were  ex¬ 
tracted  by  alkalization,  acidification,  and  chloroform  partitioning. 
Chloroform  extracts  were  then  evaporated  to  dryness  and  methylated  with 
boron  trifluoride-me thanol  reagent.  Appropriate  volumes  of  Nanograde® 
hexane  were  added  and  the  methyl  esters  of  Fenac  and  2,4-D  BEE  were 
then  analyzed  by  gas  chromatography. 

(7)  A  Tracor®  Model  MT-150  gas  chromatograph  equipped  with  a  Ni  ^ 
electron  capture  detector  was  used  for  analysis  of  samples.  The  in¬ 
strument  was  fitted  with  a  182.88-cm  by  0.635 -cm  glass  column  packed 
with  Chromosorb®  W  80/90  mesh  coated,  with  3 %  0V-1.  The  operating 
parameters  were:  oven  temperature  (temp)  200  C;  inlet  temp  235  C,  out¬ 
let  temp  240  C;  detector  temp  265  C;  attenuation  102  by  l6j  carrier 

gas  Npj  column  flow  rate  70  c.c/min;  and  chart  speed  O.318  cm/min. 

Percent  recovery  of  known  quantities  of  Fenac,  2,4-D  BEE  and  the 
alkanolamine  salts  of  2,4-D  using  the  extraction  above,  methylation, 

'and  analytical  procedures  were  98. 0 %  for  Fenac,  75-0%  for  2,4-D  BEE, 
and  89-0 °lo  for  the  alkanolamine  salts  of  2.,4-D. 

b .  Outdoor  Pool  Tests  -  Residue  Analysis. 

(1)  Outdoor  pool  t,ests  were  conducted  by  USDA,  Fort  Lauderdale, 
during  the  period  June  through  August  1970  for  control  of  eurasian 
water  milfoil  using  a  30%  active  ingredient  (a.i.)  2,4-D  BEE-PVC  formu¬ 
lation  prepared  by  this  Agency  (ref  para  lb)  and  a  commercial  clay 
granule  formulation  containing  20%  a.i.  2 ,4-dichlorophenoxyacetic  acid 
(2,4-D).  The  2,4-D  BEE-PVC  formulation  was  tested  at  dose  rates  of 

1,  2,  and  4  ppm.  The  2,4-D  clay  granule  was  tested  at  1  and  2  ppm. 
Water  samples  for  residue  analysis  were  taken  at  1,  4,  and  7  days  and 
biweekly  thereafter  through  8  weeks.  Untreated  pools  served  as  con¬ 
trols  and  each  treatment  was  replicated  three  times.  Water  samples 
were  extracted  with  chloroform  at  USDA,  Fort  Lauderdale ,  and  the  ex¬ 
tracts  forwarded  to  this  Agency  for  residue  analysis.  Upon  receipt  of 
samples,  the  chloroform  was  evaporated,  samples  were  methylated,  and 
the  methyl  ester  of  2.4-D  analyzed  by  gas  chromatography  as  previously 
described  (see  para  4a(6)  and  (7))- 

(2)  A  second  series  of  outdoor  pool  tests  using  slow-release 
herbicide  formulations  against  eurasian  water  milfoil  were  conducted 


by  USDA,  Fort  Lauderdale,  from  October  1970  to  October  1971.  Formu¬ 
lations  evaluated  were  30 %  Fenac  in  FVC,  30 %  Weedone  LV-4,  2,4-D  BEE 
in  PVC,  30%  89A  2,4-D  BEE  in  PVC  (table  Bl) ,  11ACE-E  and  14ACE-B 
biodegradable  rubber  formulations  of  2,4-D  BEE  (table  B2) ,  and  encap¬ 
sulated  aikanolarnine  salts  of  2,4-D  (para  4a(4)).  Dose  rates  for  the 
30$  89A  2,4-D  BEE-PVC  formulation  were  10.0  and  20.0  ppm  a.e.  All 
other  formulations  tested  were  dosed  at  5*0  and  2.5  ppm  a.e.  Water 
samples  for  residue  analysis  were  taken  at  1  and  4  days,  weekly 
1-4  weeks,  biweekly  4-10  weeks,  and  monthly  10-46  weeks  after  treat¬ 
ment.  Untreated  pools  served  as  controls.  Each  treatment  was  rep¬ 
licated  three  times.  Water  samples  were  extracted  at  USDA,  Fort 
Lauderdale,  and  the  chloroform  extracts  forwarded  to  this  Agency  for 
residue  analysis..  Upon  receipt  of  samples,  the  chloroform  was 
evaporated,  samples  were  methylated  and  the  methyl  ester  of  2,4-D 
analyzed  by  gas  chromatography  as  previously  described  (see  para  4a 
(6),  (7)). 

c .  Experimental  Formulations. 

(l)  Polymer  formulations  of  technical  Fenac  (70$  a.e.),  technical 
Base  89A  2,4-D  BEE  (70$  a.e.),  Weedone  LV-4  emulsif iable  concentrate 
2,4-D  BEE  (43 * 3 jo  a.e.),  and  analytical  grade  2,4-D*  (100$  a.e.)  were 
produced  in  test  quantities  at  this  Agency.  Basic  components  of  the 
formulations  were  the  resin  Goon  135  and  the  plasticizer  di-(2- 
ethylhexyl)  phthalate  (resin: plasticizer  1:1)  (table  B3) .  Formulations 


Table  B3 

Experimental  Formulations 


Herbicide 

Herbi¬ 

cide 

$ 

Herbi¬ 
cide  a.e. 

1o 

Resin 

d 

10 

Plasti¬ 

cizer 

% 

Laboratory 
Quantity,  R 

89A  2,4-D  BEE 

.30 

21 

35 

35 

1200 

LV-4  2,4-D  BEE 

30 

13 

35 

35 

1475 

Fenac 

30 

21 

35 

35 

1300 

2,4-D 

30 

30 

35 

35 

32 

were  made  according  tc  procedures  previously  described  (para  4a(2)). 
Formulations  we re  forwarded  to  USDA,  Fort  Lauderdale,  for  biological 
evaluations . 


*  Furnished  by  Dow  Chemical  Company,  Midland,  Mich. 
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(2)  At  the  request  of  Dr.  Edward  0.  Gangstad,  Chief,  Aquatic 
Plant  Control,  Corps  of  Engineers,  Washington,  D.  C.,  a  400-g  sample 
of  30%  Fenac  in  PVC  was  forwarded  to  Dr.  Sigmond  L.  Solymosy,  Univer¬ 
sity  of  Southwestern  Louisiana,  Lafayatte,  for  testing. 

(3)  A  formulation  of  Diquat  was  obtained  from  GAF  Corporation, 
Hagerstown,  Md.,  for  biological  evaluations.  The  formulation  was  com¬ 
posed  of  10%,  by  weight,  of  Diquat  in  a  solution  of  silicate  and  water 
on  a  mineral  base  granule.  The  formulation  was  forwarded  to  USDA, 

Fort  Lauderdale,  for  testing. 

5.  RESULTS  AND  DISCUSSION. 

a.  Laboratory  Release  Rate  Studies 

(l)  Results  of  release  rate  studies  of  2,4-D  BEE  and  Fenac  from 
PVC  are  indicated  in  figs.  B1  and  B2.  Average  residues,  along  with  the 
minimum  and  maximum  residues  detected  from  each  PVC  formulation  over 


WEEKS  AFTER  TREATMENT 


Fig.  Bl.  Release  of  89A  2,4-D  BEE  and  LV-4  2,4-D  BEE 

from  PVC 
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Fig.  E2.  Release  of  Fenac  from  PVC 

the  8-week  testing  period,  are  shown  in  table  B4.  Residues  of  technical 
Fenac  remained  constant  from  the  initial  dose  rate  of  10.0  ppm  with  an 
average  residue  detected  over  the  test  period  of  11.21  ppm.  Residues  of 


Table  B4 

Average  2,4-D  BEE  and  Fenac  Residues  Detected 
from  PVC  Formulations* 


Minimum 

Residue 

Maximum 

Residue 

8- Week 
Avg 

Formulation 

ppm 

Observed 

At 

ppm 

Observed 

At 

Residue 

ppm 

Fenac  PVC 

3.40 

Week  1 

11.37 

Week  8 

7-67 

89A  2,4-1  BEE  PVC 

0.88 

Week  1 

2.72 

Week  6 

1.65 

LV-4  2,4-D  BEE  PVC 

0.57 

Week  2 

3-88 

Week  8 

2.07 

*  Sensitivity  of  method,  0.01  ppm. 
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technical  89A  2,4-D  BEE  declined  from  the  initial  concentration  of 
10.0  ppm  to  3*73  ppm  after  8  weeks  with  an  average  residue  detected 
of  6.37  ppm.  Residues  of  LV-4  emulsifiable  concentrate  2,4-D  BEE  de¬ 
clined  from  the  initial  concentration  of  10.0  ppm  to  4.14  ppm  after 
8  weeks  with  an  average  residue  over  the  test  period  of  6.86  ppm.  Water 
pH  and  temperature  remained  constant  throughout  the  test  period.  Aver¬ 
age  pH  and  temperatures  measured  were  pH  5»3  and  23-8  C,  re  spectively. 

(2)  Results  of  release  rate  studies  of  2,4-D  BEE  biodegradable 
rubber  formulations  are  indicated  in  figs.  B3-B6.  Average  residues  de¬ 
tected.  in  each  treatment  along  with  the  maximum  and  minimum  residues 


1  1 ACE-E  (GROUND) 


Bsl.ljfl 


1  2  3 


11ACE-J 


5  6  7  8 


« s 


WEEKS  AFTER  TREATMENT 


Fig.  B3-  Release  of  2,4-D  BEE  from  biodegradable  rubber 
formulations,  11ACE  (ground)  and  11ACE-J 
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Fig.  B6.  Release  of  2,4-D  BEE  from  biodegradable  rubber 
formulations,  11ACE-L  and  11ACE-C 


over  an  8-week  testing  period  are  indicated  in  table  B 5*  The  11ACE 
series  (llACE-C,  11ACE-E,  11ACE-J,  and  11ACE-L)  released  at  a  slower 
rate  than  did  the  14ACE  series  (14ACE-A  and  14aCE-b)  and  15ACE-b(l). 


(3)  Results  of  release  rate  tests  using  an  encapsulated  alkanol- 
amine  salts  of  2,4-D  formulation  ai'e  found  in  fig.  B7-  Over  the  8-week 
test  period,  the  lowest  residue  detected  was  O.ly  ppm,  occurring  at 
1  week,  and  the  highest  residue  was  3-10  ppm  at  2  weeks,  while  the  av¬ 
erage  over  the  entire  test  period  was  1.64  ppm. 


b .  Outdoor  Pool  Tests  -  Residue  Analysis. 

(l)  Results  of  residue  analysis  of  pool  tests  conducted  June- 
August  1970  are  found  in  table  B6.  Average  residues  maintained  over 
6  weeks  from  the  30 %  2,4-D  BEE  PVC  formulation  were  0.043.  ppm  for  the 

1- ppm  dose  rate,  0.078  ppm  for  the  2-ppm  uose  rate,  and  0.182  for  the 
4-ppm  dose  rate.  Residues  measured  in  2,4-D  attaclay  granule  treat¬ 
ments  average  0.298  ppm  for  the  1-ppm  dose  rate  and  0.708  ppm  for  the 

2- ppm  dose  rate  over  6  weeks.  No  residues  were  detected  in  the  control 


Table  B5 


Average  2,4-D  BSE  Residues  Detected  from 
Biodegradable  Rubber  Formulations* 


Minimum 

Residue 

Maximum 

Residue 

8-Week 

Avg 

Formulation 

ppm 

Observed 

At 

ppm 

Observed 

At 

Residue 

PPm 

11ACE-C 

0.07 

Week  2 

2.24 

Week  8 

1.02 

11ACE-E  chunk 

0.20 

Week  2 

3.63 

Week  8 

1.59 

11ACE-E  ground 

0.64 

Week  4 

3.26 

Week  8 

1.77 

11ACE-J 

<0.01 

Week  7 

1.28 

Week  8 

0.49 

11ACE-L 

<0.01 

Week  1 

0.70 

Week  6 

0.37 

14ACE-A 

0.73 

Week  2 

4.14 

Week  8 

2.25 

14ACE-B 

1.33 

Week  2 

3-62 

Week  4 

2.72 

15ACE-B(I.) 

0.16 

Week  3 

4.16 

Week  8 

1.77 

*  Sensitivity  of  method,  0.01  ppm. 
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Fig.  B7 • 


Release  of  al Kano]. amine  salts  of  2,4-D  from 
an  encapsulated  formulation 
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Table  R6 


Residue  Analysis  of  Outdoor  Fool  Tests  (Average  ppm* ) 
2,4-D  REE  and  Attac.lay 


Formu- 

Dose 

Rate 

Day 

Week 

lation 

EEL 

1 

1 

4 

1 

2 

4 

6 

8 

2,4-D  BEE 

0.040 

0.066 

0.094 

0.064 

0.003 

0.001 

<0.001 

PVC 

2 

0.079 

0.101 

0.284 

<0.001 

<0.001 

G.005 

<0.001 

4 

0.132 

0.356 

0.531 

0.070 

0.001 

0.003 

<0.001 

2.4-D 

attaclay 

1 

o.4oo 

0.421 

0 . 566 

0.103 

<0.001 

0.002 

<0.001 

2 

0.680 

0.890 

0.850 

0.412 

<0.001 

<0.001 

<0.001 

Control 

— 

<0.001  <0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

*  Limit  of 

sensitivity  of 

method 

,  0.001 

ppm. 

treatments  throughout  the  test  period  and  no  residues  were  detected  in 
any  of  the  samples  8  weeks  after  treatment.  The  data  indicate  that  a 
30 <f0  2,4-D  BEE  PVC  formulation  is  no  more  effective  than  a  2,4-D  attaclay 
granule  formulation  when  evaluated  at  comparable  dose  rates. 

(2)  Results  of  residue  analysis  of  pool  tests  conducted  October 
1970-August  1971  are  found  in  tables  B7  and  B8.  Residues  of  Fenac  were 
detected  throughout  the  46-week  test  period.  Average  residues  of  Fenac 
maintained  over  the  test  period  were  0.795  ppm  for  the  2.5-ppffl  dose  rate 
and  1.883  ppm  for  the  5.0-ppm  dose  rate.  Residues  from  all  other  formu¬ 
lations  tested  were  <0.001  ppm  4-10  weeks  after  treatment.  No  residues 
were  detected  in  control  pools.  'With  the  exception  of  the  Fenac  PVC 
formulation,  all  formulations  tested  appear  to  be  similar  in  overall 
efficacy. 

6.  CONCLUSIONS. 

a.  Fenac  PVC  and  2,4-D  BEE  PVC  formulations  were  both  effective  in 
maintaining  residues  in  water  in  the  laboratory  over  an  8-vreek  testing 
period.  However,  due  to  the  potential  hazard  of  polychlorinated  bi¬ 
phenyl  (PCB)  contamination  of  the  environment  resulting  from  the  use  of 
PVC  pi astisol  formulations,  an  alternative  carrier  should  be  found  for 
use  with  Fenac . 
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Table  B7 


Residue  Analysis  of  Outdoor  Fbol  Tests  (Average  ppm*) 
UACE-B,  1LACE-E,  and  Alkanolamine  Salts  of  2,4-P 


Days /Weeks 
Post 

Dose  Rate  * 

~  ppm  a . 1 . 

11ACE-B 

11ACE-E 

Alkanolamine 
Salts  of  2,4-D 

Treatment 

2.5 

5.0 

2.5 

5.0 

2.5 

5.0 

1  day 

0.027 

0.149 

0.042 

0.303 

0.018 

0.051 

4  days 

0.055 

0.385 

0.053 

0.402 

0.024 

0.056 

1  week 

0  0 fp 

0.234 

0.291 

0.584 

0.050 

0.157 

2 

0.015 

0.423 

0.04i 

O.861 

0.003 

0.020 

3 

0.01? 

0.040 

<0.001 

O.O38 

0.001 

0.032 

4 

0.029 

0.043 

<0.001** 

0.030 

<0.001 

0.009 

6 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

0.008 

8 

<0.001 

0.024 

<0.001 

<0.001 

0.004 

0.016 

10 

<0.001 

<0.001 

<0.001 

<0 .001 

0.009 

0.007 

14 

t 

<0.001 

t 

t 

<0.001 

<0.001 

18 

+ 

<0.001 

<0.001 

22 

+ 

t 

*  Sensitivity  of  method  0.001  ppm. 
**  Samples  leaked  in  shipment, 
t  Sampling  terminated. 


b.  The  2,4-D  BEE  biodegradable  rubber  formulations  maintained 
residues  in  water  in  the  laboratory  over  the  test  period.  However,  the 
11ACE  series  was  much  less  effective  than  was  the  14ACE  series  of  for¬ 
mulations.  As  a  result,  no  further  evaluations  should  be  conducted 
using  2,4-D  BEE  PVC  formulations  or  the  11 ACE  series  of  biodegradable 
rubber  formulations  against  water  milfoil.  However,  the  14ACE  series 
should  be  further  evaluated  against  a  variety  of  aquatic  weeds. 

c.  In  laboratory  tests,  the  encapsulated  formulation  of  the  alka¬ 
nolamine  salts  of  2,4-D  maintained  residues  throughout  the  test  period 
and  should  be  considered  for  further  evaluations  in  the  field. 
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Table  B8 


Residue  Analysis  of  Outdoor  Pool  Tests  (Average  ppm*) 
LV-4  2,4-D  BEE  P VC,  89A  2,4-D  EEE  PVC,  and  Fenac  PVC 


Days/Weeks 

Dose  Rate  - 

ppm  a.i. 

Post 

LV-1+  2,4-D 

REE  PVC 

89A  2,4-D 

BEE  PVC 

Fenac 

PVC 

Treatment 

2.5 

5.0 

10.0 

20.0 

2.5 

5.0 

1  day 

o.o43 

0.056 

0.365 

0 . 402 

0.275 

1.158 

4  days 

0.050 

0.196 

0.447 

1.647 

0.444 

2.076 

1  week 

O.198 

0.480 

0.509 

1.664 

0.860 

1.680 

2 

0.059 

0.154 

0.235 

2.231 

0.627 

2.591 

3 

0.015 

<0.001 

0.002 

0.169 

O.IO9 

0.726 

4 

<0.001** 

0.006 

0.009 

0.080 

1.4l4 

3-740 

6 

<0.001 

<0.001 

<0.001 

<0.001 

0.605 

3.650 

8 

<0.001 

<0.001 

<0.001 

<0.001 

0.780 

4.150 

10 

<0.001 

<0.001 

<0.001 

<0.001 

1.860 

1.740 

14 

t 

t 

t 

t 

1.062 

2.467 

18 

1.315 

1.696 

22 

1.062 

2.630 

26 

0.721 

1.281 

30 

1.394 

1-534 

34 

0.524 

1.491 

38 

0.303 

0.359 

42 

0.556 

0.454 

46 

O.30O 

0.480 

*  Sensitivity  of  method  0.001  ppm. 
**  Samples  leaked  in  shipment, 
t  Sampling  terminated. 
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d.  In  outdoor  pool  tests,  a  Fenac  PVC  formulation  was  the  most 
effective  in  maintaining  residues  beyond  10  weeks  after  treatment.  The 
encapsulated  alkanolamine  salts  of  2,4-D  formulation  produced  residues 
through  10  weeks  in  the  outdoor  pools.  All  other  formulations  evaluated 
outdoors  were  only  effective  for  periods  up  to  4  weeks. 
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APPENDIX  C 

DEVEL0B4ENT  OF  SLOW- RELEASE  HERBICIDE 
MATERIALS  FOR  CONTROLLING  AQUATIC  PLANTS 


Creative  Biology  Laboratory 
University  of  Akron 
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DEVELOPMENT  OF  SLOW -RE LEASE  HERBICIDE  MATERIALS 
FOR  CONTROLLING  AQ.UATIC  PLANTS* 

by 

Suzanne  Mile,  S.  Zachary  Mansdorf,  and  NaUian  F.  Cardarelli** 


Summary 


Slow-release  formulations  of  the  butoxyethanol  ester  of 
2 ,4-dichlorophenoxyacetic  acid  were  prepared  and  evaluated. 

This  herbicide  was  found  to  have  a  relatively  high  solubility 
in  natural  rubber  and  only  slight  solubility  in  several  other 
elastomeric  substances.  Loss  rate  was  adjustable  by  compound¬ 
ing  techniques . 

In  order  to  release  the  control  agent  in  the  photozone  of 
interest,  five  product  designs  were  developed.  These  consisted 
of  floating  and  sinking  pellets,  timed  release  pellets,  and 
top -suspending  and  bottom-suspending  ribbons. 

Initial  indoor  and  outdoor  evaluations  were  conducted  us¬ 
ing  four  aquatic  weeds:  water  hyacinth,  alligator  weed,  elodea, 
and  eurasian  water  milfoil. 

Top  suspenders  applied  at  a  rate  of  1-ppmw  active  agent 
destroyed  water  hyacinths  within  4  weeks  of  the  treatment  date 
in  outdoor  pool  tests.  Floating  and  sinking  pellets  were  in¬ 
effectual,  even  at  higher  dosages,  against  this  plant.  How¬ 
ever,  all  forms  of  the  slow-release  formulation  controlled 
milfoil.  The  butyoxyethanol  ester  of  2  ,4-D  is  not  particu¬ 
larly  effective  against  elodea  or  alligator  weed. 

The  advantage  of  slow-release  formulations  lies  in  their 
economy  of  use.  One  treatment  can  conceivably  provide  weed 
control  for  several  years.  Half-lives  in  excess  of  9  months 
are  predicted.  Sinking  pellets  are  shown  to  release  2,4-D  at 
the  watercourse  bottom  with  fairly  rapid  upward  dispersion, 
reading  near  equilbrium  (no  gradient)  in  a  short  time.  In 


*  Contract  No.  DACW73-70-C-0030,  Aquatic  Plant  Control  Pro¬ 
gram,  Planning  Division,  Office,  Chief  of  Engineers,  Wash¬ 
ington,  D.  C. 

**  Research  Assistants  and  Principal  Chemist,  Community  and 
Technical  College,  Product  Development  Laboratory,  The  Uni¬ 
versity  of  Akron,  Akron,  Ohio. 
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contrast,  floating  pellets  release  at  the  surface  with  little 
downward  dispersion  of  uhe  toxicant. 

Formulation  l4B,  prepared  as  a  suspender,  has  shown 
greatest  efficacy  against  water  hyacinth.  Gmail  factory  lots 
have  been  prepared  of  the  best  suspender,  sinker,  and  floater, 
and  an  initial  manufacturing  analysis  has  been  performed. 
Field  test  studies  have  been  initiated  in  Louisiana  with  sev¬ 
eral  of  the  superior  materials. 


C4 


3 

i 

4 

n 


4 


W •  ^ '{.'re^ftr^r.yetv h*  O'A-’^vc’  •*  '  Y  W  .vm,; 


...  ,  »^Mr>-iwA-  •■MSAwsteuffir^p  4ai8St'?8KS£5%RM63 


PART  I:  INTRODUCTION 


1.  Control  of  water  weeds  is  a  major  world  problem.  Plant  infes¬ 
tations  severely  hamper  agriculture  dependent  upon  irrigation  in  many 
areas  of  the  world.  In  the  United  States  growing  and  decaying  plants 
block  navigable  waterways,  interfere  with  drainage  systems,  and  often 
serve  as  foci  of  pest  insects  and  other  undesirable  life  form  .  'Present 
control  methods  depend  upon  mechanical  harvesting  or  the  use  ■  herb. - 
cides  and  perhaps,  in  the  future,  on  biological  control.  In  any  case, 
conventional  treatment  methodology  is  economically  unattractive  and  to 
some  degree  furthers  ,  directly  or  indirectly ,  environmental  contamination. 

2.  The  use  of  slow-release  materials  may  well  permit  the  destruc¬ 
tion  of  the  plant  at  its  youngest  stage  where  intoxication  levels  are 
lowest  and  thus  reduce  the  overall  contamination  problem.  A  complemen¬ 
tary  concept  advanced  by  the  U.  S.  Army  Corps  of  Engineers  is  to  re¬ 
lease  the  toxicant  in  the  phytosone  of  attack,  i.e.,  in  the  watercourse 
bottom  strata  for  rooted  weeds,  or  in  the  first  foot  of  depth  for  float¬ 
ing  plants,  and  so  on.  This  method  should  likewise  reduce  the  total 
amount  of  toxic  agent  needed  for  a  given  control  problem. 
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PART  II:  BACKGROUND 


3.  In  1964  the  senior  author  successfully  added  various  organotin 
toxicants  to  rubber  matrices  and,  through  certain  compounding  techniques 
caused  their  slow  lelease  into  an  aquatic  environment.  The  release 
mechanism  is  based  upon  a  diffusion-dissolution  phenomenon  whereby  the 
toxic  molecules  soluble  in  the  specific  polymeric  base  material  slowly 
migrate  toward  the  pellet  surface  and  then  pass,  into  the  elastomer-water 
interface.  As  dissolution  occurs,  a  solution  pressure  differential 
exists,  and  the  natural  principle  of  solution  equilibrium  sustains  the 
toxicant  diffusion."*" 

4.  The  initial  use  of  "biocid»l  rubber"  lay  in  marine  fouling  ccn- 
1  2 

trol.  ’  '  Here  relatively  small  amounts  of  toxicant,  less  than  8%,  by 

weight,  are  slowly  released  l*u„  -1  x'Otective  rubber  sheeting,  effectively 

2 

preventing  fouling  over  a  period  of  time  measured  in  years.  Practical 

3 

applications  followed  and  methods  of  increasing  or  decreasing  loss 

l)  5  6 

rates  were  developed.  The  efficacy  of  the  now  commercially  avail¬ 

able  product  has  been  reported  in  the  technical  and  trade  literature . 

5.  In  1968  the  iso-octyl  ester  of  2,4-D  and  other  herbicides  were 
fonuulated  in  s low-release  chloroprene  recipes  at  The  University  of 
Akron.  Laboratory  tests  against  the  water  hyacinth  (mature  plant)  indi¬ 
cated  continuous  and  effective  toxicant  release  over  several  months.  No 
definitive  experimentation  was  performed,  but  rather  a  pilot  qualitative 
study  to  assess  the  potential  of  this  technique  in  water  weed  control. 
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PARI  III:  PROJECT  GOALS 

6.  The  first-year  program  encompassed  the  development  of  slow- 
release  herbicide  materials  active  in  the  phytozone  of  interest •  Origi¬ 
nally,  the  butoxyethanol  ester  (BEE)  and  the  dimethylamine  (DMA.)  of 
2,L-dichlorophenoxyacetic  acid  were  selected  as  toxicants.  Five  con¬ 
cepts  keyed  to  phytozone  release,  sinkers,  floaters,  suspenders,  time- 
release  floaters,  and  "bouquets,"  were  advanced. 

7.  Formulations  were  to  be  prepared  in  accordance  with  the  com¬ 
pounders  art,  with  an  eye  toward  economy  in  materials  and  processing 
costs,  and  evaluated  under  laboratory  conditions  against  four  aquatic 
weeds,  emphasizing  the  water  hyacinth  (Eichhornia  crassipes).  Both 
indoor  and  outdoor  tests  in  small  plastic  pools  were  planned.  Instru¬ 
mental  analysis  of  herbicide  release  rates  were  to  be  performed  to  estab¬ 
lish  efficacy  of  the  concept  and  back  up  bioassay  results.  Screening 
tests  would  permit  the  selection  of  superior  candidates  (phase  I);  these 
materials  would  be  modified  (phase  II)  as  necessary  to  achieve  maximum 
results .  The  modified  materials  would  then  be  shipped  in  appropriate 
quantities  to  laboratory  and  field  test  sites  selected  by  the  contract¬ 
ing  agency. 

8.  Phase  II  evaluations  were  continued  through  the  second  year. 
Small-scale  field  test  and  coniiimance  studies  at  the  U.  S.  Department 
of  Agriculture  laboratory  (Fort  Lauderdale,  Fla.)  were  initiated  with 
Plant  Development  Laboratory  supplying  quantities  of  the  better 
formulations . 
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PART  IV  :  PREPARATORY  ACTIVITIES 


Plant  Propagati  on 


9.  A  number  of’  10-  ft  diem  (2. ‘'-ft  depth)  and  8- :  t  iitm  (P-ft 
forth)  tanks  were  set  up  in  which  to  grow  v/atcr  plants,  ‘the  tanks 
were  vinyl  "swimming  pools"  supported  within  a  sheet -metal  cylinder.  A 
soil  mix  of  locally  procured  topsoil  (,2  parts ,  and  sand  (l  parti  was 
placed  to  a  depth  of  b  in.  or  more  in  each  tank,  bach  container  was 
filled  to  within  G  in.  of  the  top  with  either  dechl.or j nated  tap  water  oi 
spring  water. 

10.  Tue  following  plants  were  used  in  the  tests: 


Plant 


Water  hyacinth  (Ei.ohhornia  eras  sires  ) 

Alligator  weed  (Alternantiiera 
•phlIoxercid.es , 

El.cdca  ( El ode a  Canadensis; 

Uydrilla  (llydrilla  verticil  lata; 

Eurasian  water  milfoil  (Myriphyllum 
spieatiun ) 

Vallisneria  ( Vallisnerla  amei  icana; 
Cabomba  (Cabomba  caroliniatia ; 

Water  lettuce  (Pis t la  strati otos ) 
Southern  naiad  (flag  ns  quadcluponsis ) 
Coontail  (Ceralopbyllun  demersum ) 


Local,  Florida 

Louisiana ,  il  vida 
local,  Florida 
local,  Florida 

I  ,oeal ,  Louis  j  ana 
Florida 

Florida,  Louisiana 
Lou.i  s  i  ana 
Florida 
Louis  1. ana 


11.  Plants  were  purchased  or  collected  locally  and  in  Florida. 

Many  plants  were  furnished  through  the  courtesy  of  Mr.  William  Thompson 
of  the  U.  3.  Army  Engineer  District,  hew  Orleans ,  aid  Mr.  Angus  Ghoulsou, 
Lake  Seminole  Reservoir,  Cnattaiioochie ,  Florida. 
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'r  9h-U  Solabi li  ties  in  Elastomeric  Matrices 


12.  The  i.-.o  formulations  of  j?,4-j)  chosen  are  insoluble  in  jiluslic 

materials  such  as  poly  ( vinyl  chloride;,  polyethylene,  polypropylene , 
etc.:  therefore,  since  sol ability  is  essential  to  the  functioning  of  a 
diffusion-dissolution  mechanism,  a  number  of  elastomers  v/ere  examined, 
dome  decree  of  solubility  is  evident  in  the  following  common  materials: 
chloroprene,  butyl  rubber,  natural  rubber  (.NKX  t ,  syntiietic  isopreiie , 
styrene-butadiene  ibiiRj,  ethylene -propylene  dimers  acrylonitrile 

rubber  of  low  acrylic  content,  and  probably  others.  Based  upon  cost 
considerations,  NKX,  SBR,  and  EPbM  were  chosen  for  further  study. 

13.  Simple  weight  £ain  (as  a  function  of  time;  measurements  made 
by  curing  the  three  candidate  polymers  and  immersing  them  in  the  toxi¬ 
cant  allowed  the  approximate  determination  of  solubility  limits.  The 
following  tabulation  is  illustrative: 


Solubility 


Compound 

Base 

Cure  Coiivlj.  ij  1  ull 

Time ,  min  Temp ,  Of 

Butoxyethanol 
Ester  (BEE), 

Dirndhy  famine 
(DMA;. 

7ACE-A 

KPDM 

20 

30  0 

20.  > 

0.9 

YACK  -  B 

EI’UM 

40 

300 

l4 . 0 

0.8 

cAC K -A 

lixx 

20 

300 

36.2 

1.0 

Hack -J3 

:;kx 

>hj 

300 

39-0 

1.0 

yACK-A 

JJbl 

90 

300 

11.8 

0.3 

14. 

Results 

v/ere  confirmed  in  later  experiments  as  well 

as  by  ob- 

sei’  vat  ion 

d  ui'iny 

nill  lix. 

Jonsesi.uently,  further  effort  v 

/.i  th 

the  di- 

me  thy  lam  J  no  war,  suspended.  It  is  not  to  be  construed  that  this  form  of 
?.  ,4  -D  cannot  be  used  in  slow-releasc  systems.  However ,  carrier  addi¬ 
tives  would  have  to  be  found,  and  this  would  constitute  considerable  ef¬ 
fort  thereby  subtracting  from  the  general  yoal.  Likewise,  Ciilt  was 
discarded  as  a  candidate  base  polymer  due  to  the  relatively  low  solubil¬ 
ities  evidenced. 

lb.  Essentially  natural  rubuer  is  the  best  cuoiee  bused  on  economy. 


cy 


■t%  vs 


as  well  as  high  2,4-1)  solvency,  for  the  base  polymer.  Consequently, 
formulary  work  was  concentrated  on  adding  the  ester  ( BEE)  to  HKX . 

16.  One  anomaly  does  appear.  It  was  expected-  that  the  "tighter" 
cure  (longer  cure  time)  "hi"  materials  would  be  less  of  a  solvent  for 
2,4-D.  In  the  case  of  natural  rubber,  this  is  apparently  not  so.  Per¬ 
haps  long-term  immersion  results  in  some  sort  of  reversion. 

2,4-D  Absorption  by  Carbon  Black 

17*  Previous  data  indicated  that  carbon  black  as  an  additive  would 
slow  down  loss  rate.  The  higher  the  BEE  absorption,  the  greater  the 
diffusion  path  length,  and  thus  a  slower  migration  could  be  expected. 

-uU  order  to  learn  more  about  such  absorption  various  carbon  blacks  were 
examined.  Results  are  depicted  in  table  Cl: 

Table  Cl 

BEE  Absorption  by  Carbon  Black 


Carbon  Black 

ASTI-1  Code 

Particle  Size,  u 

BEK 

BEE/10 

Absorption  (g 
g  Carbon  Black ) 

SAP 

1(110 

20 

8.2 

SCE 

;;s94 

22 

6.4 

CE 

27 

6.2 

IS  Ah' 

ljpjj 

29 

6.0 

EKE 

lit)  50 

'(J 

6.0 

IS  A, 

11220 

2) 

5.8 

IS AE 

L-isiy 

'/) 

5.2 

HAi 

i(3 

40 

4.8 

HAE 

ii  330 

45 

3-3 

SHE 

N774 

l6o 

3.3 

SHE' 

iVf'fO 

12  8 

3.2 

MT 

IVJ'/J 

462 

2.8 

ET 

IIoHO 

25  6 

' 1  i  , 

%  ) 

18. 
ing  down 


In  other  words ,  CAE  black  wi.i  1  be  the  most 
diffusion  rate,  and  hence  lor.,  rate,  and  KT 


effective 


the  least 


’low- 


cl j  ■  tive . 
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Hate  adjustments  are  functions  of  both  the  type  of  carbon  black  and  tlie 
amount  used. 


Product  Design 


19.  The  program  envisioned  five  distinct  types  of  slow-release 
products . 

a.  floaters .  Wherein  the  subject  pellet  floats  on  the  sur¬ 
face  of  the  water  and  releases  2,4-D  as  a  surface  film. 

b.  Sinkers .  The  pellets,  which  are  slightly  heavier  than 
water,  sink  to  the  bottom  of  the  watercourse.  Here  they 
lie  on  the  bottom  surface,  or  sink  some  depth  into  the 
bottom  soil.  2,4-1)  is  then  released  .in  the  bottom  mud, 
etc.  These  may  be  made  in  various  densities  if  a  selec¬ 
tive  bottom  soil  submergence  depth  is  desired. 

£.  Suspenders .  Such  materials  are  shaped  as  ribbons  or  rods 
of  6-  to  8 -in.  lengths.  The  rubber,  per  se,  has  a  density 
of  less  than  one.  However,  at  one  end  of  the  major  axis  a 
dab  of  heavy  paint,  or  a  metal  crimp,  is  used  as  a  sinker. 
The  material  then  rides  with  the  light  end  at  or  just 
above  the  water  surface  and  the  heavy  end  down  (see 
fig.  01;.  2,'i-u  is  thus  released  in  the  surface-to-6-in.  - 

depth  phytozone.  In  practice  it  was  found  convenient  to 
use  a  heavier  rubber  at  the  lower  end.  Using  a  little 
heavier  compound  at  the  lower  end,  "bottom  suspenders" 
that  hover  just  off  the  bottom  of  the  watercourse  were 
created. 

d.  Bouquets .  2 ,4-U-loaded,  floating,  slow-release  elastomers 

are  extruded;  chopped  in  strands  of  several  feet  in  length; 
gathered  in  bundles;  and  weighted,  at  one  end.  The  result 
was  a  bouquetlike  appearance  with  the  union  end  resting  on 
the  watercourse  bottom  and  the  strands  floating  upward. 

e.  Time-capsule  release.  Here  the  floating  pellets  are  en¬ 
capsulated  in  a  slowly  exfoliating  acrylic  binder  or  a 
weighted  gelatin  capsule.  The  unit  capsule  sinks  to  the 
stream  bottom,  where  it  gradually  dissolves  releasing 
floaters  or  suspenders  that  move  upward  toward  the  water 
surface . 

20.  Fig.  Cl  illustrates  these  basic  design  concepts.  The  thrust, 
of  course,  Is  to  release  2,4-1)  in  the  target  phytozone. 


CU 


STREAM  BOTTOM 


Fig.  Cl.  Basic  design  concepts 

21.  The  initial  bouquets  were  made  with  latex  thread  dipped  in  a 
latex-2  ,4-D  slurry.  However,  pickup  was  poor  and  only  a  few  weight  per¬ 
cent  of  the  herbicide  was  coated.  Later  floating  strands  of  id' DM-  and 
NiOC-based  materials  were  extruded,  bundled,  and  weighted  for  examination. 

22.  The  release  concepts  described  above  ware  examined  early  in 
the  program  to  determine  processing  methodology  and  cost.  Floating  and 
sinking  pellets  represent  no  factory  problems  and  are  easily  produced  at 
Lo  to  h'j  cents  per  pound  (not  counting  the  cost  of  the  2,4-d,  as  loading 
levels  are  unknown}  using  standard  equipment.  A  simple  mix,  extrusion, 
cure,  and  chopping  system  using  small-scale  equipment  should  allow  400 
to  700  lb  per  hour  production  from  one  line.  Suspenders  are  somewhat 
more  elaborate,  have  a  processing  cost  of  70  to  tiO  cents  per  pound  (sans 

C12 


*TTfTffwmi>t,,T~irritT-'*'rrTT*,~-rrTiri,irr*ri~rTi---,JJ-  ■— ■—  —*»* - ■'**»  J’ >. 


2,4-D),  and  production  on  a  similar  line  of  300  Lo  1>00  lb  per  hour. 

23-  Bouquets  require  an  additional  bundling  and  weighting  step 
that  will  require  somewhat  more  specialised  equipment.  However,  in  es¬ 
sence  there  is  no  particular  difficulty  involved  in  this  process.  It  is 
estimated  that  bouquet  costs  would  be  7b  to  90  cents  per  pound  (again 
without  the  cost  of  the  active  agent).  The  time-release  capsules  are 
easily  made  by  hand;  however,  the  actual  mass  production  equipment 
needed  and  associated  problems  do  not  allow  more  than  a  crude  estimate 
of  7b  to  90  cents  per  pound,  factory  costs.  Bagging  and  shipping  ex¬ 
penses  may  add  several  more  cents  per  pound  in  all  cases.  Estimates  are 
based  upon  29jOOO-lb  production  lots. 
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PART  V:  PHASE  I  FORMULATIONS 

24.  A  number  of  compounds  were  prepared  based  upon  2,4-D  solubil¬ 
ity  data  and  past  experience.  Variations  in  formulation  were  to  examine 
the  effects  of  the  additives,  cure  system,  etc.  However,  phase  I  com¬ 
pounds  were  generally  aimed  at  assessing  the  validity  of  approach  and 
determining  if  there  is  a  diffusion-dissolution  phenomenon  and  whether 
the  release  is  efficacious.  The  possibility  of  decomposition  or  chemi¬ 
cal  reaction  with  compounding  additives  during  the  cure  process  was  in¬ 
vestigated.  Actual  matrix  adjustments  aimed  at  optimization  occupied 
phase  II  work. 

25.  Mill-room  operations  we re  performed  in-house  and  at  Akron  Rub¬ 
ber  Development  Laboratory,  Inc.  Materials  were  mixed  on  the  mill, 
sheeted  off,  and  either  cured  as  6-  by  6-  by  0.07b-in.  sheets  or  ex¬ 
truded  as  l/8-in.-diam  rods.  Rods  were  cured  under  steam  in  an  au¬ 
toclave,  cooled,  and  chopped  into  about  l/l6-in.  widths.  Extrusions 
were  not  as  smooth  as  desirable;  however,  it  is  not  advisable  to  intro¬ 
duce  silene,  clay,  etc.,  as  smoothing  agents,  as  interference  with  2,4-D 
loss  rates  may  occur. 

26.  Only  superior  candidates,  judged  by  bioassay  results,  are 
listed  below  in  the  interest  of  saving  expense  and  not  boring  the  reader 
with  many  pages  of  irrelevant  data.  2ACE,  3ACE,  and  7ACE  materials  are 
nontoxic  EPDM  compounds  for  immersion  studies  and  controls.  4ACE  and 
9ACE  materials  are  SBR  based  and  used  as  above.  8ACE  compounds  are  non¬ 
toxic  natural  rubber  for  control  and  solubility  evaluation  purposes . 
10ACE-E1,  11ACE-G,  11ACE-H,  and  12ACE-6  dimethylamine  (DMA;,  and  though 
somewhat  effective,  have  very  short  life  times  and  low  active  agent  con¬ 
centration.  All  are  overloaded  and  function  by  a  leach  mechanism. 

Their  evaluation  was  discontinued  when  it  became  obvious  that  BEE/liRX 
and  BEE/EPDM  offered  the  best  possibilities. 

27.  Likewise,  all  12ACE  series  (7  compounds;  were  based  upon  an 
SBR  matrix.  Bioassay  showed  poor  results  due,  undoubtedly,  to  low 
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concentrations,  and  this  group  was  eliminated  early  in  the  program. 

28.  BEE  was  supplied  without  charge  by  AMCHEM  Products,  Inc. 
(Ambler,  Pa.)  and  DMA,  without  charge,  by  the  Diamond -Shamrock  Co, 

29.  Table  C2  presents  those  phase  I  compounds  showing  some  degree 
of  efficacy  and  serving  as  guidelines  for  phase  II  formulations: 

Table  C2 

Phase  I  Compounds 


Base 

BEE  Toxi¬ 

Compound 

Elastomer 

cant  ,  70 

Type 

10ACE-A 

EPDM 

4.9 

Floater 

10ACE-R 

EPDM 

6.6 

Floater 

10ACE-C 

EPDM 

7.9 

Floater 

10ACE-D 

EPDM 

12.9 

Floater 

10ACE-E 

EPDM 

19-9 

Floater 

10ACE-F 

EIDM 

14.9 

Sinker 

10ACE-G 

EPDM 

20.1 

Sinker 

10ACE- H 

EPDM 

11.6 

Sinker 

10ACE-I 

EPDM 

13-1 

Floater 

11ACE-A 

NRX 

4.4 

Floater /suspender 

11ACE-B 

NRX 

4.9 

Floater/ suspender 

11ACE-C 

NRX 

8.6 

Floater/ suspender 

11ACE-D 

NRX 

19.8 

Floater/s  usp  ender 

11ACE-E 

nrx 

22.0 

Sinker 

1]J\CE-F 

NRX 

8.0 

Sinker 

11ACE-H 

ETRX 

4.3 

Floater 

11ACE-I 

NRX 

7-7 

Sinker 

11ACE-J 

NRX 

7-9 

Sinker 

11ACE-K 

NRX 

10.4 

Sinker 

11ACE-L 

NRX 

9.7 

Sinker 

llACE-A 

NRX 

22.2 

Floater/suspender 

PART  VI: 


PHASE  11  FORMULATIONS 


30.  Bioassay  work,  reported  in  later  sections,  indicated,  that  the 
phase  I  materials  shown  in  table  C3  below,  were  superior.  Consequently, 
phase  IT.  compounds  were  based  upon  these  formulations  with  the  general 
intent  to  increase  toxicant  concentration  and  loss  rate. 


Table  C3 

Effective  Phase  1  Formulations 


Compound 

Base 

Elastomer 

REE  Toxi¬ 
cant  ,  al 

Type 

Effective  Against 

11ACE-E 

NRX 

21.8 

Sinker 

Hyacinth,  elodea, 

and  milfoil 

11ACE-C 

NRX 

8.5 

Floater 

Hyacinth 

11ACE-D 

NRX 

18.7 

Floater 

Hyacinth 

11ACE-R 

NRX 

h.b 

Floater 

1  jacinth 

10ACE-B 

EPDM 

6.5 

Floater 

1  1*1  rn  ■?  .,4*1, 

1  L^yutL-J-li  oil 

10ACE-C 

EPDM 

8.6 

Floater 

Hyacinth 

10ACE-F. 

EPDM 

18.8 

Floater 

Hyacinth 

11ACE-F 

NRX 

7.2 

Sinker 

Hyacinth 

11ACE-J 

ma 

11.1 

Sinker 

Hyacinth 

lVACE-A 

nrx 

22.2 

Suspender 

Hyacinth 

31.  Phase  I  results  indicated  from  bioansay  and  other  evaluations 

that : 


a_.  The  butoxyethanol  ester  is  released  and  does  destroy  the 
water  hyacinth. 

b.  Carbon  black  and  various  oils  can  be  used  to  change  loss 
rates . 

£.  BEE  is  the  logical  choice  as  the  toxic  agent. 

d.  natural  rubber  is  the  best  choice  as  the  base  matrix 
material. 

e.  A  simple  sulfur-tetrarnethylthiuram  disulfide  cure  with 
xinc  ox.ide  is  ajjpropriate. 
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32.  The  next  step  was  to  optimize  a  natural  rubber,  BEE  compound, 
to  achieve  an  appropriate  loss  rate  with  the  maximum  amount  of  herbicide 
available  for  release. 

33.  A  number  of  test  formulations  were  made:  floating,  suspending, 
and  sinking.  The  best  material  to  date  is  15ACE-B  (a  modified  11ACE-E) 
as  determined  from  the  following  criteria: 

a.  Economy  of  materials 

b.  Efficacious  loss  rate 
£.  E'asy  processibility 
d.  Maximum  BEE  content 

More  "exotic"  forms  of  natural  rubber  were  used  to  achieve  the  proper 
matrix  (i.e.,  highest  possible  BEE  solubility  limit).  RSS  #4*  would 
hold,  in  solution  equilibrium,  about  35$.  However,  extrusions  were 
poor  with  uneven  dimensions,  some  volatilization  occurred  during  cure, 
and  the  extruded  rod  required  special  handling  due  to  extensive  tacki¬ 
ness.  Consequently,  accelerated  partially  precured  natural  rubber  that 
eliminated  these  difficulties  was  selected.  The  final  formulation  of 
15ACE-3  (sinker)  is  given  below. 


Parts  by 
Weight 

Cost/pound 

Composition 

i 

PA  -80t 

75.0 

$0,405 

44.6 

SMR-5+t 

25.0 

0.320 

14.9 

Zinc  oxide 

1.0 

0.820 

0.6 

Stearic  acid 

0.5 

0.550 

0.3 

Santocure  CBTS 

2.0 

0.760 

1.2 

TMTBS 

1.0 

1.900 

0.6 

Sulfur 

0.5 

0.850 

0.3 

BEE 

63.0 

0.610 

37.5 

t  PA-50  is  a  crudely  coagulated,  pale,  crepe-type  nat¬ 
ural  rubber  with  about  an  80^  precure, 
it  SMK-5  is  a  refined,  rib-smokeu  sheet  with  castor  oil 
added  as  a  lubricant. 

34.  Materials  cost  of  15ACE-B  appears  to  be  in  the  $0.46-0.49  per 
*  Rib-smoked  sheet,  grade  4  (about  18  cents  per  pound). 
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pound  range.  Processing  costs  are  estimated,  to  be  $0.20  per  pound,  and 
factory  bagging,  storing,  and  handling  $0.10  per  pound.  A  total  cost  of 
$0.80  per  pound  in  10,000+  pound  quantities  is  indicated  before  profit. 

A  selling  price  of  $1.30  to  $1.50  per  pound  is  a  reasonable  guess. 

35.  Early  biological  test  results  indicated  that  15ACE-B  is  highly 
efficacious  and  that  it  may  be  desirable  to  slow  down  the  release  race. 

36.  Optimum  cure  in  air  has  been  established  as  270  F  for  15  min. 
This  is  rapid  enough  to  permit  continuous  cure  by  conventional  methods 
of  continuously  extruding  stock. 

37*  A  good  phase  II  floater,  14ACE-A,  has  likewise  been  formulated 
of  the  following  recipe: 


phr 

PA-80 

75.0 

SMR-5 

25.0 

BEE 

30.0 

Zinc  oxide 

1.0 

CBTS 

2.0 

Stearic  acid 

0.? 

TMTDS 

1.0 

Sulfur 

0.5 

38.  An  example  of  one  suspender  14ACE-A/B ,  composed  of  two  sepa¬ 
rate  compounds  molded  together,  is  indicated  below. 


Property 

14ACE-A 

Ingredient 

14ACE-B 

Parts  by  Weight 
14ACE-A 

Parts  by  Weight 
lUACE-B 

Base  elastomer 

PA -80 

75- c 

75.0 

Base  elastomer 

SMB -5 

25.0 

25.0 

Active  agent 

BEE 

30.0 

30.0 

Filler 

AnO 

1.0 

60.0 

Accelerator 

CBTS 

2.0 

2.0 

Processing  aid 

Stearic  acid 

0.5 

0.5 

Accelerator 

TMTDS 

1.0 

1.0 

Curative 

Sulfur 

0.5 

0.5 

Cl8 
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39*  Phase  II  formulations  with  NKX  base  are  shown  in  table  C4. 


Table  C4 

Phase  II  formulations  (iiRX  Base),  Pinker  Type 


Compound 

BEE,  % 

Cure  Conditions 

To  ,.p  ,  °F  Time  ,  ruin 

1'0ACK-3(L) 

37-9 

270 

-19 

19ACE-B(H) 

37.9 

300 

30 

16ACE-A 

37.9 

300 

30 

17ACE-B 

37-9 

290 

30 

17ACE-C 

3?- 4 

290 

30 

lbACE-3 

33-9 

290 

30 

13ACE-D 

39-1 

290 

30 

loACE-E 

4/1.7 

290 

30 

18ACE-K 

27-: 

290 

30 

1«  ACE-G 

32-3 

290 

30 

18ACE-1I 

29-6 

290 

30 

40.  A  number  oi'  formulation',  were  prepared  iu  which  pellets  of  the 
floating  compound  11ACE-D  were  encapsulated  in  Carboset.*  Those  candi¬ 
date  materials  wet  o  evaluated  in  water  of  7.9  and  H.p  pil.  formula!  j  <>us 
are  strum  in  table  Co. 

41.  Results  for  superior  formulations  are  shown  in  table  C 6. 

Those  rhov.  in,’,  n<>  release  or  fast  roliaue  art  omitted. 

4i  .  it  is  concluded  tha t  Carboset  929  provider;  the  more  rapid  re¬ 
lease  and  Ca -'beset  iff  the  slower  release.  Likewise  clay  retards 

*  Trademark., 


b.  I'.  Goodrich  Chemical  Co.  Cleveland,  Ohio. 


Table  C5 


Time -Release  Formulations 


Ingredi  ent 

A 

b 

C 

D 

E 

F 

G 

H 

J 

K 

L 

M 

N 

0 

P 

JL 

R 

s 

Car  bos  et  bl4 

25 

Code 

2QAC- 

Cartoset  'sV? 

-- 

-- 

— 

— 

— 

-- 

— 

— 

-- 

— 

— 

-- 

-- 

-- 

-- 

-- 

— 

Carboset  b<?fy 

-- 

-- 

25 

2  5 

?[> 

25 

25 

25 

-- 

-- 

-- 

— 

-- 

- 

-- 

-- 

-- 

Water 

75 

75 

75 

75 

Code  2QACE-Masters 

50 

75 

Ethanol 

-- 

-- 

75 

-- 

-- 

75 

75 

75 

75 

25 

75 

75 

75 

75 

75 

-- 

75 

75 

A;:j:  •  u  La 

J 

£. 

J 

iu 

10 

5 

5 

5 

s 

s 

s 

s 

5 

5 

b 

5 

5 

5 

i'ii i  ve 

Z 

£> 

-- 

2 

— 

1 

1 

2 

- 

1 

1 

1 

P 

— 

-- 

1 

1 

Cl6. 

.’5 

50 

-- 

— 

-- 

-- 

— 

50 

50 

... 

-- 

25 

50 

50 

25 

-- 

— 

‘am  t 

-- 

-- 

-- 

-- 

— 

— 

-- 

-- 

-- 

25 

25 

25 

25 

25 

25 

-- 

-- 

-- 

ILV 

r7 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

Cari-ocet  >  *  i 

-- 

-• 

-- 

-- 

-- 

-- 

- 

- 

- 

-- 

-- 

-- 

-- 

-- 

-- 

25 

25 

25 

*  Clay  (bentonite) 

IS 

UScd 

t:»  increase 

the 

specific 

gravity  of 

the 

mix  above 

that 

of  water. 

Table  C'6 


*i'  i  me  _ b'ap.-iulc  Kvaluat ion 


Time  be 

Pole use , 

hr 

Coinuoun'i. 

1'eUi 

:L  Ke.luf 

pii  y-3 

Pellet 

.  Kelear.c, 

nil  B.3 

POAOK- 

'Zll 

•  A 

'LA 

100?, 

A 

0 

0 

j.r 

lB 

p 

■( 

10 

iy 

b 

3 

(j 

13 

lB 

n 

t . 

c 

11 

16 

It 

P 

3 

y 

]  3 

i 

3 

Y 

14 

I1' 

0 

n  O 

J-f 

iy 

l1'! 

4 

10 

13 

PO 

11 

c. 

'  J 

y 

] 

4 

y 

14 

J 

p 

J 

o 

/ 

0.3 

0-B 

j 

0 

-- 

-- 

-- 

-- 

4u 

>Kj 

60 

y: 

2 

30 

4B 

4 

B 

;.‘4 

36 

fj; '  U 
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release  rate.  For  short-term  (under  1  day)  release  a  typical  formula¬ 
tion  would  be: 


Carboset  '/2‘j 
Ethanol 
Ammonia 
Clay 


Pellets 

Curative 


2b  parts 
7b  parts 
2  parts 

(-i.s.  to  increase  gravity 
to  1.1) 

Under  bO,j  total  weight 
None 


For  1-week,  release  a  typical  formulation  would  be: 

Carboset  lj26  ?.')  parts 

W’ ter  7b  parts 

Ammonia  1  part 

Clay  20-40  parts 

Pellets  Under  ')0  ‘„  total  weight 

Curative  0.1  to  1  part 

43.  The  pH  variation,  between  7.  "■  i  8.b,  does  not  materially  af¬ 

fect  release  rates  of  the  compositions  tested. 
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PART  VII:  BI0A3SAY  AM  TEST  PROCEDURES:  WATER  HYACINTH 

44.  Water  hyacinth  evaluations  were  performed  in  9-gal  containers. 
Three  days  after  the  containers  were  filled  with  water,  a  number  of 
plants  were  added  to  each  container  and  a  1-week  stabilization  period 
was  allowed,  uerbieidal  formulations  were  then  added  in  measured 
amounts.  In  indoor  testing,  water  temperature  was  maintained  at  78  to 
82  !•'.  Relative  humidity  was  in  the  '-)0  to  98  range .  Standard  growth 
lights  were  used  for  illumination  and  a  l4-lir-on,  10- In’- of f  cycle  was 
established.  Fertilizer  in  the  amount  01’  29  g  was  added  to  each  con¬ 
tainer.  Results  were  recorded  on  a  0-to-100  range  with  "0"  indicating  a 
decayed,  disintegrating  plant  that  had  sunk  to  the  bottom,  and  "100"  in¬ 
dicating  a  healthy  plant  with  all  upper  leaves,  etc.,  green.  A  ”90” 
rating  would  s how  that  50',''  of  the  plant,  was  dead  or  dying  as  indicated 
by  leaf  color  and  so  on.  Observations  we  re  admittedly  subjective, 

49.  Outdoor  tests,  established  in  June  1970,  were  performed  at  the 
Norton  test  site,  under  normal  climatic  conditions.  Daytime  tempera¬ 
tures  ( *4'  )  were  generally  in  the  middle  80' s  dropping  to  the  lower  70' s 
at  night.  Humidity  varied  from  60,'  to  near  100, J  during  June-July- 
A ugu  u t -0 opt  ember . 
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PART  VIII:  PI  [ASK  I  EVALUATION 


Water  Hyacinth 


46.  Results  of  the  indoor  water  hyacinth  tests  are  shown  in 
table  C7. 

Table  C7 

Water  Hyacinth  Indoor  Tests 


Destruction.  % _ 

Evaluation  by  Weeks 


Compound 

tose5  a 

BEE,  i 

Type 

Wkl 

Wk2 

m. 

Wk4 

Wk5 

Wk6 

Wkl 

11ACE-E 

1 

21.8 

Sinker 

15 

20 

38 

55 

90 

100 

_  _ 

hack-?: 

0,5 

21.8 

Sinker 

15 

20 

30 

45 

75 

100 

-- 

lIAct-b 

o.x 

21.8 

S inker 

5 

8 

12 

18 

30 

45 

70 

,1‘tACE-A 

5 

22 ,2 

Suspender 

18 

65 

100 

-- 

-- 

40 

48 

ItACt-A 

1 

22.2 

Suspender 

5 

12 

15 

20 

35 

It ACE- A 

0.5 

22.2 

Suspender 

2 

5 

10 

12 

20 

30 

40 

14ACE-3 

2 

18.0 

Sinker 

2 

22 

55 

80 

100 

— 

-- 

l?ACE-ii(  1/ 

37.5 

Sinker 

10 

18 

50 

70 

100 

-- 

-- 

j.-;ace-b(l; 

2 

37.5 

Sinker 

3 

22 

40 

65 

75 

100 

-- 

15ACE-B(it) 

1 

37.5 

Sinker 

2 

5 

10 

1? 

18 

25 

55 

i  yAt’E-Hv  l,) 

0.5 

37.5 

Sinker 

2 

5 

8 

15 

20 

50 

100 

}  ',iAC."'.-B',  L) 

0.1 

37.5 

Sinker 

0 

2 

5 

10 

15 

30 

65 

l^ACi->B(  L} 

0,05 

37-5 

Sinker 

0 

0 

3 

5 

12 

22 

65 

lyACE-lfii, 

lJ 

37.5 

Sinker 

5 

10 

IB 

55 

90 

100 

-- 

l^ACE-.T.H , 

1 

37-5 

Sinker 

2 

8 

15 

20 

70 

90 

100 

lhACK-Af(l) 

(  1  ,  ‘ » 

•37(K 

S  inker 

r\ 

Ci 

s 

7 

V) 

7) 

lVACK-b 

1 

37-3 

o  inker 

5 

20 

30 

4o 

45 

70 

100 

17A' ■!•;-» 

0.5 

37.3 

Sinker 

0 

3 

5 

10 

20 

50 

70 

i  (t\CCj~C 

32.4 

Sinker 

2 

12 

15 

10 

10 

15 

20 

18ACK-8 

cl 

33.5 

Sinker 

5 

15 

65 

60 

100 

— 

-- 

loACK-b 

b 

35-1 

Sinker 

5 

15 

65 

1.00 

-- 

-- 

-- 

18ACE-D 

i 

35.1 

G inker 

2 

15 

35 

4o 

60 

90 

100 

icJACK-l 

0.05 

39.1 

Sinker 

5 

15 

25 

35 

75 

90 

100 

loAC  E  “  i> 

0.1 

39-1 

Sinker 

2 

5 

5 

5 

5 

10 

15 

V!n<'  Hi  -  Ci 

5 

•'.4.7 

Sinker 

2 

lo 

7i> 

100 

-- 

-- 

-- 

loACK-E 

1 

44. 1 

Sinker 

2 

5 

5 

5 

-- 

— 

-- 

lhACE-i- 

J 

27.5 

Sinker 

2 

15 

80 

100 

-- 

-- 

-- 

IBAOK-E 

0.5 

?7.5 

Sinker 

2 

c. 

S 

100 

-- 

-- 

-- 

lOnCE-f 

0.1 

2  7.5 

Sinker 

C- 

0 

2 

2 

-- 

-- 

— 

lt'/V/i-H 

26.5 

Sinker 

2 

15 

75 

100 

-- 

-- 

-- 

lBACr.-li 

1 

25.6 

Sinker 

2 

5 

5 

10 

-- 

-- 

47*  A  number  of  controls  were  run  simultaneously  with  each  group 
cf  evaluations.  In  general. ,  indoor  hyacinth  controls  showed  bio  to  10, £ 
destruction  over  an  8-week  evaluation  period.  Outdoor  controls  showed  a 
O %  to  2'jo  destruction.  The  use  of  nontoxic  rubber  at  10,  b,  and  1  g  per 
container  showed  no  departure  from  naturax  control  plant  destruction. 
Insertion  of  0.01  and  0.00b  cc  of  technical  BEE  gave  a  plant  loss 
of:  (average  of  4,  outdoor  tests  only) 

Week  1  -  2% 

Week  ?  -  % 

Week  3  -  7.4 

Week  4  -  lb 4 

48.  It  is  concluded  from  the  data  above  that  compounds  llACfi-K, 
15ACE-B(L) ,  18ACE-B,  and  18ACE-F  are  superior. 

49.  The  10ACE  series  uses  carbon  black,  and  phenolic  "microbai.i.oons" 
as  a  means  of  regulating  loss  rates,  in  general,  the  higher  black  con¬ 
tent,  or  the  more  structured  (finer  particle  size)  black,  the  slower  the 
BEE  release  and  hence  the  slower  plant  kill. 

50.  Various  phase  II  plants  used  in  tne  indoor  tests  were  removed 
to  outdoor  containers  to  assess  tne  degree  01  permanence  of  the  observed 
deterioration.  Water  in  the  outdoor  containers  v/as  toixi.c  free,  he- 
covery  of  these  plants  is  rated  in  table  C8. 

bl.  It  is  believed  that  once  a  plant  exh  sits  y0;(  or  more  destruc¬ 
tion  it  does  not  recover;  at  7b %  destruction  there  is  stasis  witu,  at 
most,  a  very  slow  regrowt'n.  One  group  of  plants  removed  at  V bo  to  8b4 
destruction  and  observed  for  10  weeks  showed  no  new  observabJ 0  above¬ 
water  growth. 

b2.  It  is  known  from  instrumental  data  that  initial  release  shows 
a  rise  to  a  peak  and  then  a  rapid  decline  to  a  continuous  loss  rate.  It 
is  believed,  based  on  similar  data  from  antifouLant  and  insecticide  re¬ 
lease,  that  the  initial  rise  occurs  during  the  first  few  days  as  the  in¬ 
evitable  surface  film  of  soapstone,  dust,  dirt,  sulfur,  bloom,  etc.,  is 
washed,  away  freeing  an  increasing  amount  of  surface  to  water  contact. 
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Table  C8 


Water  Hyacinth  Recovery 


Hating  by  Weeks* 

Compound 

WkO 

Wki 

WkP 

Wkd 

WkV 

Wk3 

15ACE-B(L) 

0 

0 

0 

0 

0 

0 

lbACE-B(L) 

0 

0 

0 

0 

0 

0 

15ACE-B(L) 

2 

3 

3 

0 

0 

0 

lbACE-B(L) 

23 

3 

7 

8 

3 

6 

15ACE-B(H) 

0 

0 

0 

0 

0 

0 

15AC  E-B(li ) 

10 

5 

3 

0 

0 

0 

ibACE-B(L) 

2 

3 

0 

0 

0 

0 

15ACE-D 

0 

0 

0 

0 

0 

0 

*  Hating  at 

time 

of  removal .  0 

indicates  plant 

had 

sunk,  higher  numbers  indicate  the  amount  (esti¬ 
mate  )  of  "green"  remaining  on  the  plant  at  the 
time  of  removal  from  the  treatment  container. 

Also  the  facial  p  re  structure  of  the  specimen  in  question,  although  it 
contains  no  higher  toxicant  concentration  than  the  total  sample,  the 
molecule  :  are  more  available  and  are  lost  by  both  diffusion-dissolution 
and  simple  leaching.  As  this  area  rapidly  depletes,  the  loss  curve 
decline.-:,  until  the  diffusion  race  is  reached.  Consequently,  an  experi¬ 
ment  was  devised  wherein  the  sample  pellets  were  kept  in  water  (with 
hyacinths)  for  1  week  and  P  weeks,  respectively,.  After  this  exposure 
period  the  pellets  were  removed  to  outdoor  containers  and  exposed  bo 
new  hyacinths.  Outdoor  results  are  given  in  table  C'y . 

33-  After  removal  of  the  test  pellets  from  the  indoor  tests  tne 
plants  continued  to  deteriorate  from  the  2,4-D  concentration  in  the 
water.  This  is  illustrated  in  table  CIO. 

Ljh.  Five  outdoor  test  pools  completely  covered  with  water  hya¬ 
cinths  were  treated  wibn  various  compounds  with  re suits  as  tabulated 
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Table  C9 

Water  Il.vacii  H  Outdoor  TesUs 


Compound 

Pellet  Presoak 
Period,  weeks 

Dose,  i\ 

vna 

L)es 

Wk2 

truction , 
Wk3 

rf 

,\) 

Wk4 

Wk4 

14ACE-B 

1 

2 

7 

14 

14 

17 

44 

14ACE-B(L) 

1 

r~\ 

5 

23 

44 

70 

100 

17ACH-C 

1 

2 

4 

2'P 

40 

44 

94 

ItiACK-B 

1 

'  j 

3 

32 

40 

43 

60 

14ACK-B 

"> 

'■I 

2 

4 

5 

10 

14 

i4acb-b(l) 

2 

o 

2 

3 

36 

60 

84 

17ACK-C 

O 

/■> 

2 

rs 

c 

14 

18 

24 

Table  CIO 

'Water  Hyacinth  Indoor  Tests  After 

Removal  of  Pellets 

Exposure  Period,  weeks, 

De 

struction. 

lO 

Compound 

to  P-n  Dosa.ye  Wkl 

Wk2 

Wk3 

Wk4 

Wk4 

Wk6 

14ACE-B 

1  2 

23 

44 

60 

80 

100 

14ACK-B 

1  2 

24- 

30 

44 

74 

94 

17ACE-C 

1  2 

14 

14 

11 

14 

18 

18ACE-B 

1  2 

1 6 

21 

36 

44 

64 

14ACE-B 

O  n 

«  .  C- 

18 

4o 

43 

74 

100 

14ACE-B  ■ 

2  2 

20 

30 

\)b 

90 

100 

17ACj'.'C 

2  2 

10 

10 

10 

10 

14 

if  'ACE  - B 

4 

19 

SO 

84 

100 

-- 

below.  Pools  3  and.  10  were  hyacinth  con'  rols  and  showed  no  deteriora¬ 
tion  during  the  test  pcr.lod.  Ih>ols  IP  and  3.3  showed  copious  blooming; 
pool  6  had  a  few  1  looms;  and  po . ■"  11  had  no  blooms.  Control  pools  were 
in  continuous  bloom. 


Pool 

No. 

Water.1 
Vol,  gal 

Dose 

ppm* 

ompound 

Type 

Days  (Des 
E.R.**  10 

1  ruction,  !,V 
25  50  80 

) 

6 

1468 

20 

ioace-d(t) t 

Eloater 

7 

10 

_ 

„ 

ii 

752 

20 

14 ACE -A 

Suspender 

2 

6 

12  It 

22 

28 

12 

752 

20 

15ACE-B 

Sinker 

18 

--  ... 

-- 

-- 

13 

752 

50 

11ACE-D 

Floater 

5 

8 

-- 

-- 

-- 

*  Based  on  weight  of  pellet  and  not  on  weight  of  active  ingredient. 

**  E.R.  =  epinastic  response. 

t  10ACE-D  was  enclosed  in  an  18-hr  time  release  capsule  similar  to 
formulation  20ACE-A. 

55.  The  suspenders  be  ime  enmeshed  in  the  hyacinth  root  system  d  te 
to  wind-driven  currents,  and  it  is  be’ieved  at  the  close  proxlnuty  e  p 
the  riubon  to  the  plant  created  me  dramatic  •.  f feet  shown.  Both  sinkers 
and  surface  floaters  appeared  to  be  inadequate  from  J'-  .  standpoint  of  a 
rapid  kilJ  .  Instrumental  analysis  c  the  BEE  loss  rule,  from  I4ACE-A, 
as  reported  in  a  later  seel. ion,  indicated  such  loss  to  he  in  the  same 
order  as  that  for  sinkers  and  floaters.  Hence,  the  actual  intoxicati or. 
of  the  phytozone  appeared  to  provi  le  gre  ter  efficacy.  Observation  of 
sinking  pellets  showed  little  or  no  settlement  into  ottom  mud,  at  least 
in  static  p"ul  tests,  floaters  release  toxicant  1?'  such  a  fashion  (mcl 
ecules,  not  droplets)  as  to  create  a  surface  film  and,  apparently ,  much 
of  the  act  ve  agent  remains  at  the  water  surface.  Consequent,/,  sus¬ 
penders,  which  release  from  the  surface  down  to  6.5-in.  depths  Lave 
been  postulated  to  be  more  effective,  and  pool  tests  seem  to  bear  Inis 
out . 

Elodea 

l>6.  Elodea  was  procured  locally  and  propagated  in  an  R-ft-diaa 


C7T( 


vinyl  pool.  Tests  were  conducted  in  1-gal  wide-mouth  jars  with  plants 
X>otted,  three  plants  per  jar,  and  completely  submerged.  All  formula¬ 
tions  were  tested.  Table  Cll  illustrates  results  from  superior  mate¬ 
rials  only.  Spring  water  at  pH  7*0  was  used.  Hich  organic  soil  was 
used  in  potting. 


Table  Cll 

Phase  1  Elodea  Evaluation 


Destruction,  °jo 


Compound 

Dose,  g 

Type 

Wkl 

Wk2 

Wk3 

Wk4 

l 

Wk5 

"  Wk6 

Wkl 

10ACE-B 

0-5 

Floater 

2 

5 

15 

25 

45 

6o 

70 

10ACE-G 

0.5 

Sinker 

0 

8 

18 

35 

55 

75 

100 

10ACE-G 

1.0 

S inker 

5 

10 

18 

45 

65 

80 

100 

10ACE-H 

1.0 

Sinker 

5 

10 

20 

38 

50 

70 

100 

11ACE-D 

1.0 

Floater 

10 

50 

80 

85 

100 

-- 

11ACE-E 

1.0 

Sinker 

80 

100 

-- 

-- 

-- 

-- 

-- 

11ACE-E 

0.5 

Sinker 

2 

5 

20 

60 

75 

95 

100 

11ACE-E 

0.1 

Sinker 

0 

2 

2 

2 

2 

-- 

— 

14ACE-A 

1.0 

Suspender 

0 

2 

2 

5 

15 

25 

4o 

15ACE-B(H) 

5.0 

Sinker 

2 

2 

50 

95 

100 

-- 

- 

15ACE-B(H) 

1.0 

Sinker 

2 

2 

2 

55 

100 

-- 

— 

l^ACE-B(H) 

0.5 

Sinker 

2 

2 

2 

2 

50 

60 

60 

15ACE-B(H) 

0.1 

Sinker 

2 

2 

2 

2 

50 

50 

50 

16ACE-A 

1.0 

Sinker 

2 

2 

2 

95 

100 

16ACE-A 

0.5 

S inker 

2 

2 

2 

40 

50 

50 

50 

16ACE-A 

0.1 

S inker 

2 

2 

2 

20 

35 

40 

40 

17ACE-B 

1.0 

Sinker 

2 

2 

85 

100 

-- 

— 

-- 

17ACE-B 

0.5 

Sinker 

2 

2 

6o 

100 

-- 

-- 

-- 

17ACE-B 

0.1 

Sinker 

2 

2 

50 

80 

75 

75 

80 

18ACE-B 

1.0 

Sinker 

2 

5 

70 

80 

80 

90 

90 

18ACE-H 

0.5 

S inker 

2 

2 

90 

90 

100 

-- 

-- 

18ACE-H 

0.1 

Sinker 

2 

2 

15 

20 

20 

25 

25 

57-  It  was  observed  that  with  lower  dosages  of  11ACE-D,  11ACK-E , 
and  17ACE-B  that,  whereas  the  plant  stem  darkened  and  lost  all  of  its 
foliage,  new  green  shoots  emerged. 
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56.  Eighteen  control  jars  were  run  simultaneously.  Of  this 
number,  at  the  end  of  the  7-week  test  period,  13  controls  had  less  than 
5$  deterioration,  two  had  15$,  one  30$,  one  35$,  and  one  50$. 

59-  Elodea  control  with  formulations  prepared  to  date  appears  dif¬ 
ficult.  At  this  stage  of  the  developmental  program  only  11ACE-E, 
17ACE-B,  15ACE-B(H),  and  18ACE-B  appear'  to  be  effective.  BEE  is,  of 
course,  not  as  effective  as  other  herbicides  for  elodea  control,  and  it 
may  well  be  that  the  incorporation  of  more  adequate  toxicants  into  slow- 
release  matrices  should  be  considered. 

60.  In  outdoor  pool  tests,  tank  1  was  treated  with  20  ppm  of 
18ACE-B  and  tank  2  was  used  as  a  control.  A  thick  biomass  was  present 
at  time  0  in  each  pool.  The  nontreated  pool  showed  little  loss,  many 
and  continuous  blooms,  with  most  plats  rooting  in  the  6-in.  bottom.  In 
contrast,  the  treated  pool  showed  an  increasing  loss  of  biomass  with 
continual  plant  deterioration,  no  blooming,  and  little  or  no  rooting. 

In  28  days  the  number  of  plants  decreased  at  least  50$.  fifty-four  days 
after  treatment,  the  elodea  was  estimated  to  have  decreased  to  10$  of 
its  former  mass.  The  pool  bottom  was  visible  on  most  areas.  Plants 
still  alive  exhibited  a  black-brown  coloration  and  little,  if  any, 
leaves  save  for  areas  of  new  budding. 


Eurasian  Water  Milfoil 


6l.  Water  milfoil  tests,  shown  in  table  C12,  were  performed  in 
duplicate  or  triplicate  with  three  plants  potted  per  jar.  Spring  water 
of  pil  7-0  was  used  in  the  1-gal  test  containers.  Milfoil  propagation 
was  poor  under  the  laboratory  conditions,  and  adequate  numbers  of  plants 
were  not  available  for  satistically  valid  experiments.  Results  pre¬ 
sented  below  are  averages  of  two  evaluations  only.  All  tests  were  per¬ 
formed  indoors  under  artificial  lighting.  11ACE-E  is  believed  to  be 
the  superior  material  in  terms  of  milfoil  control. 
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Table  C12 


•  Phase  1  Eurasian  Water  Milfoil  Evaluation 

j 


I 

1 

Compound 

-ose ,  g 

Type 

Wkl 

Wk2 

Destruction 
Wk3  Wk4 

(if 

-  &  — 

Wkb 

wr6 

Wkl 

f 

i 

10ACE-E 

1.0 

Floater 

10 

-13 

30 

62 

62 

100 

.. 

\ 

10ACE-E 

0.5 

Floater 

7 

15 

20 

40 

50 

4o 

30* 

i 

11ACE-D 

1.0 

Floater 

2 

40 

55 

55 

55 

55 

60 

* 

1 

llACE-1) 

o.-; 

Floater 

2 

4o 

55 

55 

55 

55 

60 

ilACE-D 

0.1 

Floater 

2 

25 

50 

55 

55 

55 

60 

A 

b 

11ACE-C 

1.0 

Floater 

10 

13 

30 

75 

75 

100 

-- 

11ACE-E 

1.0 

S inker 

10 

lb 

30 

57 

100 

— 

' 

11ACE-E 

0.5 

S inker 

10 

lb 

37 

55 

100 

-- 

... 

£ 

14ACE -A 

1.0 

Suspender 

10 

lb 

30 

60 

65 

100 

-- 

15ACE-B(L) 

1.0 

Sinker 

10 

lb 

35 

40 

52 

100 

-- 

? 

15ACE-B(L) 

0.5 

S inker 

7 

10 

23 

38 

4o 

100 

-- 

V 

15ACE-B(L) 

0.1 

Sinker 

10 

lb 

40 

53 

53 

100 

-- 

V 

15ACE-B(L) 

0.05 

Sinker 

5 

10 

30 

35 

40 

100 

-- 

f 

17ACE-B 

1.0 

Sinker 

10 

15 

15 

40 

43 

100 

-- 

i 

17ACE-B 

0.5 

Sinker 

5 

lb 

25 

37 

40 

100 

17ACE-B 

0.1 

G inker 

10 

12 

30 

40 

50 

lOu 

-- 

17ACE-C 

1.0 

S inker 

8 

12 

33 

68 

60 

100 

-■ 

17ACE-C 

0.5 

Sinker 

10 

12 

15 

58 

5  b 

100 

-- 

Control  1 

0.0 

-- 

5 

b 

5 

b 

5 

5 

5 

Control  2 

0.0 

-- 

5 

b 

5 

5 

5 

5 

b 

Control  3 

0.0 

-- 

10 

10 

10 

10 

10 

b 

b 

Control  4 

0.0 

-- 

2 

lb 

10 

10 

5 

b 

5 

Control  5 

0.0 

-- 

2 

2 

2 

2 

2 

2 

2 

r'ontrol  6 

0.0 

-- 

2 

2 

2 

2 

q 

2 

2 

\ 

Control  7 

0.0 

2 

2 

2 

2 

2 

2 

-- 

*  New  shoots  developed. 


Alligator  Weed 

62.  Alligator  weed  was  evaluated  both  indoors  and  out,  in  5-ga.i.. 
plastic  containers.  Five  plants  we re  rooted  in  each  container  using 
4  in.  of  bottom  sell.  A  few  grams  of  fertilizer  were  added.  Growth  was 
profuse  and  rapid  with  tops  6  in.  to  4  ft  out  of  the  water.  Vnat  was 
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considered  to  le  inadequate  indoor  lighting  had  no  significant  effect  on 
the  rapid  growth  of  the  plants.  Table  013  illustrates  test  results  of 
superior  f on  flat i  »s .  Again  llPCE-E  is  believed  to  be  the  superior 
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Table  Cxi 

Phase  I  A 1 li gator  Weed  Evaluation 


Destruction ,  % 


Compound  Dose,  g 

Type 

V;  kl 

Wk2 

Wk3 

Wk4 

Wk5 

Wkb 

Wk7 

11ACE-E 

1.0 

Vj  inker 

2 

17 

80 

95 

100 

.. 

11ACE-E 

0.5 

Sinker 

2 

11 

30 

30 

30 

-- 

-- 

11ACF-E 

0.1 

S inker 

2 

10 

10 

10 

10 

20 

20 

14ACE-A 

1.0 

Suspender 

2 

10 

10 

10 

10 

10 

10 

15ACF-B(H) 

1.5 

Sinker 

2 

2 

2 

2 

(0* 

(I) 

(n 

15ACE-B(L) 

1.0 

Sinker 

2 

2 

2 

19 

20 

20 

25 

16ACE-A 

5.0 

Sinker 

2 

2 

U) 

(I) 

(I) 

(1) 

(i) 

l’/ACE-B 

1.0 

Sinker 

2 

4 

2 

6 

10 

25 

30 

Control  (avg 

of  7) 

2 

2 

2 

2 

3 

3 

3 

*  I  indicates  indefinite  or  undetermined  effect, 

63.  The  18ACE  series  is  presently  under  test.  Pool  7  containing 
alligatoi  weed  was  treated  with  20  ppm  of  1.8ACE-B.  After  4  weeks  there 
was  no  noticeable  <  ffect. 
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isolated  from  the  extraction  procedure  could  then  be  simply  dissolved  in 
ethanol  t which  absorbs  well  below  the  1,4-1)  chromopores). 

06.  A  major  concern  in  using  this  technique  was  in  the  possibility 
ot'  ethylation.  In  checking  lor  this  no  change  was  found  in  the  absorp¬ 
tion  peaks  even  alter  allowing  samples  to  remain  at  room  temperature  for 
a  week,  blither  ethylation  does  not  shift  the  peaks,  or  it  does  not 
occur  to  any  significant  amount. 

-4 

67-  In  establishing  tuis  procedure  the  2,4-D  acid  at  1  X  10  in 
ethanol  was  examined  over  a  704-  to  400-^  range  (Perkin-Elmer  spectro- 
puotometer).  Twc  major  bands  were  observed:  230  a  (1 6','i  transmittance) 
and  OH  3  a  ( 61  ,'1  transmittance).  The  latuer  band  was  used  as  it  was 
better  defined  and  relatively  isolated. 

5 .  A  calibration  of  transmittance  at  B83  e  lor  various  k,4-l)  con¬ 
centration  levels  was  performed  using  a  Beckman  DU-?  spectrophotometer 
(slit  width  O.O64  mm  for  100.4  reference  transmittance  through  pure  etha¬ 
nol.  .  The  accompanying  graph  corresponded  closely  to  Beer's  Law. 

69.  After  extraction  of  the  water  samples,  10  cc  of  ethanol  was 
added  to  the  extractant,  solution  occurred,  and  the  transmittance  was 
measured.  By  using  the  calibration  curve  a  given  transmi ttance  was  in¬ 
terpreted  as  weight. 

70.  Data  have  been  obtained  on  a  number  of  materials  which  indi¬ 
cate  that  the  herbicide  was  released.  However,  the  only  useful  data 
were  those  from  the  superior  formulation:;.  Table  Cl4  illustrates  the 
me  a  surd  loss  rates  of  14aCF,-B,  the  weighted  end  of  the  suspender. 

71.  The  P-g  14ACK-B  sample  had  a  surface  area  of  about  13  0 -4. 
its  BEK  loading  was  approximately  18/,  or  O.36  g  La  the  subject  sample. 
Total  loss  during  the  first  BP  days  was  1‘y.yO  mg  leaving  a  residual  of 
0.344  g.  Loss  appeared  to  be  steady  at  0.44  mg  or  so  per  day.  Hence, 
an  absolute  longevity  of  0.344/0.00044  =  6?4  days  (B1  months )  is  possi¬ 
ble,  but  not  likely.  It  appears  that  dissolution  at  the  interfacial 
area  is  controlling,  and  not  diffusion  within  the  rubber.  The  first 
process  ’will  give  a  relatively  constant  loss  rate  until  internal 
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Table  Cl4 


14ACE-B  Release  Data 


Day 

£s4-i»  Loss,*  in,1*; 

1 

0.96 

2 

1.07 

3 

1.08 

4 

1.11 

1.09 

6 

O.96 

7 

0.88 

8 

O.76 

9 

0.64 

10 

O.96 

11 

O.92 

12 

O.96 

13 

0.60 

14 

0.96 

19 

0.60 

16 

0.62 

17 

0.9C 

18 

O.hh 

19 

0.99 

20 

O.96 

21 

0.97 

22 

O.98 

Note:  Beckman  DU-2  used. 

Settings:  FT  selector 
190-700  .u 

Slit  width:  0.064  mm 
Sensitivity:  5 
Zero  suppression:  Off 
Screen  bias :  4 

*  Computed  as  ester  (2 -g 
sample) . 

depletion  is  such  that  the  molecular  migration  toward  the  surface  be¬ 
comes  slower  than  the  loss  rate.  When  this  will  occur  has  yet  to  be 
discovered.  Past  experience  with  soluble  toxicant  diffusion  through 
natural  rubber  would  indicate  that  the  constant  loss  rate  observed  will 


hold  steady  t'or  h  to  6  months,  barring  rubber  degradation,  and  then  drop 
rapidly  to  near  complete  depletion  by  the  12th  month. 

72.  The  loss  rate  data  gathered  Tor  pertinent  compounds  are  shown 
in  table  Cl!?. 


facie  Cl? 

Loss  ;\ato  lata  Iron.  Suporior-Can-U date 
Slow-Kelease  Herbicides 


Compound 

BEE* 

.0 

Type 

Cure** 

Black  t 
pphr 

PTtt 

days 

P.U 
mg /da 

Em 
day  c 

el; 

mi1. /da 

Longev¬ 
ity  §§ 
months 

14ACE-B 

18.0 

Suspender 

U 

0 

4 

1.11 

10 

0.56 

21 

lbACK-B(H) 

37. 5 

Sinker 

N 

0 

9 

3-85 

24 

0.  yo 

27 

17ACE-B 

37.3 

Sinker 

U 

20 

c 

3  31 

18 

1.10 

22 

17ACK-C 

32.4 

Sinker 

u 

50 

3 

3.78 

13 

0.80 

27 

18ACE-A 

0.0 

S  inker 

N 

0 

0 

0.00 

0 

0.00 

0 

lSACE-B 

33-5 

Sinker 

U+ 

0 

3 

3.67 

20 

2.50 

9 

18ACE-D 

39-1 

Sinker 

u+ 

0 

2 

6.40 

-- 

-- 

— 

18ACE-E 

44.7 

Sinker 

u 

60 

13 

3.78 

-- 

-- 

— 

18ACE-H 

25.6 

Sinker 

u 

0 

6 

3-83 

-- 

*  BEE  calculated  an  the  ester. 

**  Cure  conditions:  U  =  undcrcurcd,  lb  -  very  unuercured,  li  =  normal  cure. 

r  Carbon  black  content  in  parts  per  hundred  rubber.  Black  serves  as  a  loss  rate 
modulator. 

ft  PT  =  time  to  initial  peak  release. 

*  PL  -  loss  per  day  of  BEE  (calculated  as  the  ester;  at  the  peak  time  for  a  2~g  sam¬ 

ple  (13  cm2). 

ft  ET  =  time  to  equilibrium  and  constant  loss. 

5  EL  =  loss  per  day  of  BEE  for  a  2-g  (13-cm2  surface  area)  sample  at  the  equilibrium 

plateau. 

55  Longevity  is  estimated  by  use  of  the  formula: 


l  BEE  x  2  k 

(Loss/day  in  mg)  (30 days/month) 


=  lifetime 


73*  This  assumes  a  continuous  loss  at  the  equilibrium  level  until 
depletion  which  cannot  occur.  Eventually  the  diffusion  rate  will  fall 
below  the  dissolution  rate  and  the  curve  will  drop  rapidly  to  some 
threshold  release  below  the  phytotoxic  level  for  the  dosage  used. 

74.  The  phytozone  treatment  concept  involves  the  release  of  the 
controlling  agent  in  the  living  space  of  the  plant,  and  presumes  that 
the  2,h-l)  concentration  and  will  remain  greatest  in  that  area. 
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Float  hit:  pellets  and  top  suspenders  were  created  iti  order  to  more  ef¬ 
fect.!  voly  release  the  agent  in  the  water  hyacinth  phytozone.  P,4-D 
(  BEE )  *  has  a  specific  gravity  of  l.PPb  at  10  0  which  might  surest  that 
this  material  will  rapidly  sink  to  the  bottom  of  the  treatment  water. 

Hr.  Kerry  Steward  (UUDA,  Fort  Lauderdale)  and  Ur.  Edward  (.Jungs  tad 
(Corps  of  Engineers,  Washington)  suggested  that  tiie  vertical  distribu¬ 
tion  of  2,4-1)  released  in  the  upper  water  levels  be  cheeked. 

A  Plexiglas  tube  with  0. i n . -t.h i ok  walls,  6  l't  high,  and  4  in 
in  diameter  was  stopped  with  a  Plexiglas  plug  at  one  end.  Entry  portals 
1/8  in.  in  diameter,  were  drilled  at  6-in.  intervals  along  its  length. 
This  unit  was  erected  on  a  metal  stand,  and  a  large  rubber  band  (l/f  in. 
wide)  was  placed  over  each  orifice.  By  puncturing  the  self-sealing 
band,  aliquots  could  be  withdrawn  from  the  center  of  each  level.  Washed 
floating  pellets  were  placed  in  the  water-filled  tube  (pH  of  C.'J  to  7.0) 
and  allowed  to  stand  overnight  before  any  water  samples  were  taken. 

After  P4  hr,  PO-ml  aliquots  were  taken  from  each  level  and  extracted  for 
.’,4-1)  content.  The  extracts  were  analyzed  on  a  Coleman  101  UV  spectro¬ 
photometer  for  <7,4-1)  content .  Tne  pz‘oeedure  above  was  repeated  periodi¬ 
cally  and  the  data  plotted.  The  results  obtained  for  sinkers  and 
floaters  are  illustrated  in  fig.  CP.  Early  data  from  the  limited  tests 
indicated  the  active  agent  becomes  quickly  dispersed  with  the  greatest 
concentration  in  the  topmost  'jO;,  of  the  water  area.  Oddly  enough  P,4-I) 
seems  to  concentrate  6  to  IP  in.  below  the  surface.  Bince  these  formu¬ 
lations  release  their  active  agent  slowly,  and  thus  from  early  indica¬ 
tions  of  zone  concentration  the  P,4-U  remains  near  tne  surface,  both  the 
floater  ana  suspender  may  enjoy  an  advantage  over  other  time-release 
preparations.  In  the  case  of  the  sinkers,  the  active  agent  is  dispersed 
upward  rather  than  remaining  at  the  stream  bottom  level. 

76.  Release  rate  data  were  calculated  on  the  most  effective  formu¬ 
lations  by  following  the  procedures  described  below.  A  Known  size  and 
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Fig.  C2.  Release  rate  of  1.4ACE-B  (2,4-D  BEE  suspender  pellets) 


weight  of  specimen  was  suspended  in  1000  ml  of  distilled  water.  The 
medium  was  changed  every  24  hr  by  removing  the  sample  from  one  container 
and  immersing  it  in  a  container  of  fresh  water  i.o  preclude  the  develop¬ 
ment  of  an  equilibrium  condition.  The  2,4-1)  was  isolated  by  extraction. 
Water  samples  wore  frozen  to  allow  analysis  at  a  later  date.  The  fol¬ 
lowing  extraction  procedure  was  used. 

77*  Gr'aphs  of  2,4-D  losses  are  included  as  figs.  C3  through  Ch . 

The  percentages ,  by  weight,  of  the  butoxyetlianol  ester  of  2,4-D  for 
four  carrier  systems  are  shown  below: 

BEE  (Base  tv) )  ,  j0 

_ dyu  ten: _  by  Weight 


11ACE-E 

21.09 

11ACK-C 

12.34 

l)ACE-B(L) 

37  •  30 

14ACE-A/b  suspenders 

•'O  oo 
t  -  (  •  c  <  . 

Bouquets 

21.09 

yti.  The  half-lives  of  tlic  formulations  can  be  estimated  from  1-g 


~  1  ,r>  f  , ,  „  ^.3  4-  l  %  .•%  3  ~  ~  ^  4-  c\  ft.  ]  i  ^  . 
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System 


1JACE-F 

i^ack-jh^; 

14ACE-A/B  suspenders 


Estimated  Half -Life,  days 
90 

yo 

269 


The  half-lives  ubove  can  be  varied  by  the  use  of  additives  or  by  the  al¬ 
teration  of  surface  area  (fig.  C6).  Fig.  C?  shows  the  vertical  distri¬ 
bution  under  static  conditions  of  BEE  as  a  function  of  time. 

79.  The  dosage  rates  needed  to  control  regrowth  and/or  existing 
growth  are  not  yet  known.  The  current  practice  of  using  1-2  lb  of  the 
free  acid  equivalent  per  acre  probably  does  not  apply  to  the  rubber 
carrier  systems.  For  example,  consider  the  suspenders.  This  compound 
contains  approximately  22 by  weight,  of  the  buxtoxyethanol  ester  of 
2,4-D  (which  79.:  of  the  22 J  is  the  equivalent  free  acid).  Using  17-3% 
(percent,  by  weight,  of  the  free  acid)  of  40  lb  rubber/acre  yields 
6.921  lb/a  "re  free  acid  which  would  be  equally  dispersed  over  a  life  of 
perhaps  400  days,  and  tnus  the  daily  average  would  be  quite  small. 

60.  In  the  Plexiglas  test  chamber  the  water  column  was  held  static 
in  so  far  as  possible.  Each  orifice  was  closed  by  an  encircling  tight 
rubber  ring.  Aliquots  were  withdrawn  by  hypodermic  puncturing  of  the 
ring.  The  rubber  was  self  sealing  so  that  no  leakage  occurred  after  the 
needle  was  withdrawn. 

8l.  Total  2,4-Li  analysis  (as  the  ester)  from  a  20-ec  aliquot  of 
the  compound  11ACE-E,  sinker  (30  g) ,  is  as  follows: 

Total  2,4-P  Analysis,  mg 


Water  Depth 

11  days 

18  days 

21  days 

1 . 0  iii . 

u.yo 

2.63 

1.69 

0.9  ft 

0.99 

3.04 

-- 

1.0  ft 

3-04 

3-69 

1.99 

1.9  ft 

2.38 

3.29 

-- 

2.0  ft 

3-04 

1.30 

-- 

2 . 9  ft 

2 . 69 

1. 14 

1.79 

3.0  ft 

0.74 

1-91 

-- 

3-9  ft 

0.33 

1.39 

__ 

4.0  ft 

1.01 

1.78 

1.39 

4.9  ft 

1.42 

1.48 

-- 

_  r\ 
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4-D  release  rales  for  14ACE-A/B  and  l^ACK-B  systems 
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82.  The  total  released  appeared  to  peak  at  18  days  with  degrada¬ 
tion  being  as  great  or  greater  than  release  after  this  time.  After 
several  weeks  of  sinkers  releasing  2,4-D  at  the  chamber  bottom  the  dis¬ 
persion  appeared  to  be  fairly  uniform.  Prior  to  equilibrium,  2,4-D 
seemed  to  rise  rapidly,  first  saturating  the  surface  layers  and  then 
gradually  extending  downward. 

83.  A  30-g  sinker  of  11ACE-E  contains  6.6  g  of  BKK.  The  total 
water  volume  in  the  test  chamber  was  3*+  X  10^  ce. 

84.  Total  release  at  the  maximum  point  was  21.17  mg  in  200  cc,  or 
3.6  g  in  the  total  column.  11ACE-E  appeared  to  release  the  herbicide 
very  rapidly  during  the  first  few  weeks.  This  may  well  account  for  the 
promising  toxic  action  observed  with  several  aquatic  weeds.  It  is  also 
noted  that  this  material  is  the  manufactured  formulation  prepared  in 
quantity  as  a  coarse  powder.  Release  is  much  faster  than  with  the 
larger  pellets. 

8^.  Total  2,4-1)  analysis  (as  the  ester)  from  a  20-cc  aliquot  of 
the  compound  11ACE-C,  floater  (30  g) ,  is  as  follows: 


Total 

2,4-D  Analysis, 

i«G  ..  . 

Water  Depth 

2  days 

9  days 

11  day: 

1.0  in. 

O.I69 

-- 

0.63 

0.5  ft 

-- 

1.72 

O.98 

1.0  ft 

2 . 130 

0.74 

1.5  ft 

-- 

1 . 6i 

O.98 

2.0  ft 

-- 

— 

2.5  ft 

1 . 690 

-- 

-- 

3-0  ft 

-- 

Q.4y 

-- 

3-5  ft 

-- 

-- 

4.0  ft 

0 . 096 

-- 

4.5  ft 

-- 

0.42 

This  test  is  still  in  progress;  however,  it  does  appear  that  herbicide 
released  from  floating  pellets  tends  to  remain  in  the  upper  layers  with 
very  slow  downward  diffusion. 

86.  Several  other  pertinent  materials  have  been  examined  and  the 
release  rate  per  square  centimeter  pier  day  on  a  given  day  after  immer¬ 
sion  is  shown  below: 
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Release  Rate  (in  mg*)  per 


Material 

T.VTC 

o 

o  in*- 

per  day  on 

day 

1 

9 

10 

14 

31 

14ACE-A 

Suspender 

0 . 4  0 

0.02 

0.03 

0.02 

18ACE-1L 

S inker 

0.60 

0.10 

0.07 

0.03 

-- 

13ACE-K 

S inker 

0.70 

0.10 

0.07 

-- 

0.02 

11AC.E-E 

bloater 

0.19 

-- 

-- 

0.17 

0.19 

11ACE-C 

Sinker 

0.19 

0.16 

0.03 

i4ace-a/b 

Suspender 

0.39 

0.27 

-- 

0.22 

-- 

15ACE-B 

Sinker 

0.?7 

0.4? 

-- 

0.16 

-- 

14ACE-B 

S inker 

0.21 

0.31 

-- 

0.22 

-- 

*  Calculated  as  the  ester.  Multiply  by  0.79  to  compute  the 
acid  equivalent. 
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i'AKT  X:  1’iLAiiJ-;  1L  KVALUAl' LOIiC, 


(}•'(.  I'iuu’.o  1L  studies  won:  j n i  l.j ated  indoors  under  growth  li.ylits . 
Initially,  the  work  deserj  bed  previously  war.  repealed  but,  with  more 
sophisticated  pellet. r.  processed  by  Cue lory  equipment  at  Akron  Rubber 
Development  Laboratories .  Tables  CIO,  ClY,  mid  Clo  are  evaluations  ol' 
a.lllyator  weed,  clodoa,  and  water  miiro.il,  res  pee  lively,  alter  treat¬ 
ment.  Only  11A0  ]•:-]■:  showed  any  short-term  cJ'L'eels  against  alligator 
weed,  and  even  then  at  pellet  concent. rat  ions  Jar  above  Luo  practical. 
11ACL-D,  a  floating  pellet,  does  not  appear  to  uo  nearly  as  elTeetive  us 
suspenders  or  sinkers  apainsl  water  r.ilj’oil. 


Table  Cl6 

Phase  11  Alligator  Weeij  Evaluation 


Mortality 

Wk4 


15ACK-B 

37  6 

0.1 

Sinker 

o 

o 

2 

16ACB-B 

37- 1> 

0.6 

Sinker 

2 

p 

70 

1  5ACE-B 

37.6 

1.5 

Eilikei 

2 

10 

70 

17ACK-C 

3it6 

0.1 

Sinker 

2 

■-> 

6 

17ACK-C 

32.6 

0.5 

Sinker 

2 

r\ 

c 

5 

17ACE-C 

32.6 

1.5 

Sinker 

2 

p 

5 

Control 

0.0 

0.0 

— 

■  I 

n 

2 

11ACE-D 

16.8 

0.1 

bloater 

2 

5 

5 

11ACE-D 

16.8 

0.5 

Hon  ter 

2 

25 

4q 

11ACE-P 

16.8 

1.0 

Floater 

20 

32 

L5 

Control 

0.0 

0.0 

-- 

6 

6 

15 

11ACK-E 

22.0 

0.1 

Sinker 

8 

12 

15 

11ACB-B 

22.0 

0.5 

Sinker 

30 

30 

65 

11ACK-K 

22.0 

1.0 

Sinker 

95 

100 

100 

14ACK-A 

22  2 

0.1 

Suspender 

1 

o 

2 

I**  ACE- A 

22.2 

0.5 

Suspender 

1 

o 

o 

14ACK-A 

22.2 

1.0 

Suspender 

10 

10 

5 

Control 

0.0 

0.0 

-- 

1 

p 

2 

1 7ACF.-B 

37.3 

1.0 

Sinker 

8 

40 

40 

17ACK-C 

33.  L 

1.0 

Sinker 

4 

15 

20 

10ACK-K 

16.9 

1.0 

Floater 

2 

2 

4 

Control 

0.0 

0.0 

-- 

5 

10 

10 

lhACE-I- 

39.1 

1.0 

Sinker 

6 

10 

10 

Control 

0.0 

0.0 

Sinker 

5 

•j 

5 

10ACK-K 

15.9 

0.5 

Floater 

5 

5 

5 

*  Grams  of  pellets . 

*#  Average  or  two  or  mure  replicates 
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Table  C17 

Phase  II  hllodea  Evaluation 


Dose 

4  Mortality 

System 

*  2,4-D 

rJrA*- 

Wkl 

Wk2 

m 

Wk4 

Wk£ 

Wk6 

m 

11ACK-D, 

floater 

it- 6 

0.1 

2 

?5 

to 

55 

55 

55 

55 

0 .  j 

'j 

Vi 

Vi 

V> 

55 

55 

6o 

1.0 

2 

40 

it 

tt 

55 

55 

60 

Controls 

tAvjj  of 

0.0 

0.0 

2 

4 

4 

4 

4 

5 

6 

three, 


Table  Cl8 


Phase  II  Water  Milfoil  Evaluation 


Dose 

To  Mortal! t; 

Compoun  i 

%  2 ,4-0 

e/gal 

Type 

Wkl 

Wk2 

Wk3 

WkU 

Uk5 

Wk6 

11ACE-C 

8,6 

0.1 

Floater 

2 

5 

10 

6o 

57 

55 

1 IACE-C 

8.6 

0.5 

Klo&ter 

2 

p 

2 

10 

50 

80 

liACE~C 

s.c 

1  .0 

Floater 

2 

2 

15 

20 

65 

90 

1JACE-D 

15.0 

0.1 

Floater 

10 

£5 

__ 

_ 

r.ACE-D 

iD.e 

0.5 

Floater 

30 

50 

85 

— 

... 

-- 

:  LACE-D 

15.0 

1.0 

Floater 

50 

80 

85 

97 

100 

100 

] IACE-E 

0.1 

S  Inker 

2 

2 

2 

12 

11 

13 

11ACE-E 

22.0 

1.0 

Sinker 

2 

2 

25 

25 

90 

1UO 

15ACE-H 

37-6 

‘i.o 

Sinker 

2 

50 

95 

100 

100 

100 

1 5ACF.-B 

37  *6 

i.o 

Sinker 

2 

2 

55 

95 

100 

100 

i bACE-b 

.07 -C 

0.5 

Sinker 

2 

3 

3 

50 

48 

-- 

1 5ACE-B 

37.6 

0.1 

Sinker 

2 

2 

2 

50 

45 

-- 

10ACK-A 

37.5 

1.0 

Sinker 

2 

L. 

95 

54 

100 

100 

l6ACr>A 

37.5 

0.5 

Sinker 

2 

2 

uo 

50 

-- 

-- 

16/vOE-a 

iY-5 

0.1 

Sinker 

2 

2 

20 

50 

**“ 

-- 

1  { AC:vB 

37.3 

5.0 

Sinker 

2 

p 

95 

100 

100 

,  _ 

17ACK-E 

37-3 

1.0 

Sinker 

2 

2 

95 

93 

92 

-- 

1YACE-1; 

37.3 

0.5 

Sinker 

2 

2 

So 

75 

70 

-- 

17ACL-B 

37-3 

0.1 

Sinker 

2 

2 

2 

2 

2 

-- 

17ACE-C 

50  ), 

J*--  *  * 

1  .0 

Sinker 

2 

2 

20 

50 

__ 

1 7ACK.-C 

32.4 

0.r, 

Sinker 

2 

2 

20 

18 

-- 

-- 

1YACE-C 

32.4 

0.1 

Sinker 

2 

2 

15 

14 

-- 

Controls  (?) 

c.o 

0.0 

— 

2 

2 

5 

25 

22 

20 

18ACK-B 

"5 1  t 

]  .0 

Sinker 

5 

5 

90 

95 

98 

100 

iBack-b 

33-5 

0.5 

Sinker 

2 

2 

20 

50 

45 

42 

\  8/VCt-B 

33-5 

0.1 

Sinker 

2 

2 

15 

15 

35 

50 

IbACh-l) 

35-1 

1.0 

Sinker 

2 

10 

20 

80 

90 

92 

0.5 

Sinker 

2 

10 

20 

30 

50 

80 

O.i 

Sinker 

2 

10 

20 

16 

12 

2 

Cb‘; 


Result s  are  shown 


88.  Outdoor  pool  tests  were  begun  in  May  1970. 
in  table  019- 


Table  C19 
Outdoor  Pool  Tests 


Pool  Dose  jj  Mortality- 


No. 

riant 

Compound 

ppmw 

Wk] 

Wk2 

Wk3 

sir 

Wk5 

Wk6 

Wk7 

1 

K lode a 

18ACE-B 

1 

0 

7 

20 

50 

50 

50 

4o 

0 

ELodea 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

Hyacinth 

0 

0 

0 

0 

0 

0 

0 

0 

0 

b 

Alligator 

weed 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

Alligator 

weed 

0 

0 

0 

0 

0 

0 

0 

0 

0 

*.» 

»  Ia  r«  t'  n  +  Vv 
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10ACK-D 

1 

0 

2 

2 

2 

2 

2 

2 

7 

A1 Li gator 

weed/elodea 

18ACE-B 

1 

0 

2 

2 

2 

5 

5 

5 

8 

Hyacinth 

lbACE-B 

1 

0 

0 

2 

2 

2 

2 

2 

0 

Klodea 

0 

0 

2 

2 

2 

2 

5 

5 

5 

10 

Hyacinth 

0 

0 

0 

2 

2 

0 

2 

1 

2 

11 

Hyacinth 

lUACE-A 

1 

10 

30 

75 

95 

98 

98 

98 

12 

Hyacinth 

15ACE-B 

1 

p 

0 

2 

2 

2 

2 

2 

13 

Hyacinth 

11ACE-D 

1 

9 

10 

10 

10 

10 

12 

12 

The  dramatic  comparison  between  pools  3  (control),  11  (suspender),  12 
(sinker),  and  13  (floater)  illustrate  the  value  of  treating  the  phyto¬ 
zone.  Suspenders  release  2,4-D  at  approximately  the  water  surface  down 
to  the  f>.5-in.  depth. 

89*  All  pools  received  a  second  treatment  after  the  initial  round 
reported  in  table  C19  with  the  following  observations  as  shown  in 
table  C20.  Compounds  remained  in  the  respective  pools  over  the  winter, 
riant  regeneration,  2,4-D  wa-ter  content,  and  continued  efficacy  of  the 
formulations  were  checked  in  the  spring  and  no  regrowth  was  found. 

90.  The  following  data,  based  on  experience  and  present  work  at 
Akron  Rubber  Development  Laboratories,  inc.,  allows  the  presentation 
of  the  following  estimates.  1 igures  are  based  upon  10,000-lb  lots  with 
a  constant  39/>  BEK  active  agent. 
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Tab 3  e  C20 


Secon  I  Tool  Treatment 


rod 

Dose 

$  Mortality 

Ho. 

Plant 

Compound 

Type 

ppmw 

Wkl 

Wk2 

Wk3 

Wk4 

Wkp 

1 

Elodea 

UACE-C 

Bouquet* 

1.2 

2 

2 

2 

2 

2 

2 

Elodea 

0 

0 

0.0 

0 

0 

0 

0 

0 

3 

Hyacinth 

11ACE-E 

Sinker 

1.0 

5 

5 

15 

20 

32 

1 

Alligator  weed 

11ACE-C 

Bouquet 

1.2 

2 

2 

2 

5 

12 

5 

Alligator  weed 

11ACE-E 

Sinker 

l.C 

5 

5 

5 

5 

15 

6 

Hyacinth 

11ACE-C 

Bouquet 

1-3 

5 

10 

15 

20 

32 

7 

Alligator  veed/elodea 

lhACE-A 

Suspender 

1.0 

2 

2 

2 

2 

8 

8 

Hyacinth 

lUAOE-A 

Suspender 

1.0 

5 

5 

5 

15 

30 

9 

Hyacinth/elodea 

11ACE-E 

Sinker 

1.0 

5 

5 

8 

12 

24 

10 

Hyacinth 

11ACE-C 

Floater 

1.0 

5 

5 

5 

5 

35 

11 

Hyacinth 

14ACE-A 

Suspender 

1.0 

(lOC$  mortality) 

12 

Hyacinth 

11ACE-E 

Sinker 

1.0 

5 

5 

5 

10 

35 

13 

Hyacinth 

11ACE-D 

Floater 

1.0 

(30%  mortality) 

14 

Alligator/hyacinth 

11ACE-C 

Bouquet 

1-3 

5 

5 

5 

5 

40 

*  Each  bouquet  contains  6  strands,  1.5  ft  in  length. 
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91.  Haw  materials  costs  are  as  follows: 


per  lb 


Sinking  pellet  $0,480 
Floating  pellet  0.499 
Suspender  0.520 
Time  release  0.680 
Bouquet  0.495 


92.  The  following  processing  costs  (per  pound  of  stock)  for  each 
step  have  been  estimated  based  on  a  factory  cost  of  4>£3*00  per  man-hour. 

_ _ _ Costs _ 

Time 


Step 

Sinker 

Floater 

Suspender 

Release 

Bouquet 

1.  Raw  materials  handling 

$0.03 

$0.03 

$0.03 

$0.05 

$0.03 

2.  Mixing  of  materials 

0.04 

0.04 

0.07 

o.o4 

0.04 

3.  Distribution 

O.Oi 

0.01 

0.01 

0.01 

0.01 

4.  Extrusion 

0.01 

0.01 

-- 

0.01 

0.02 

5.  Cure  (preparation) 

0.05 

0.05 

0.06 

0.05 

0.05 

6.  Cure  (continuous) 

0.01 

0.01 

0.02 

0.01 

0.01 

7.  Pelletizing 

0.02 

0.02 

0.03 

0.02 

0.05 

8 .  Binding 

(Continued) 

”  “* 

o.o4 

0.02 

C47 
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Time 

Step 

Sinker 

1-  loader 

Suspender 

Bouquet 

9.  Bagging 

10.  Storage  and 

0.01 

0.01 

0.02 

0.03 

0.02 

transpo  r  tat ion 

0 . 01 

0.01 

0.01 

0.02 

0.O2 

11.  factory  materials 

0.02 

0.02 

0 .  uO 

0.01 

0.02 

Total  factory  labor  and 

overhead  $0.21  $0.21  $o.2Y  -;;0 . 29  $0.29 

Kaw  materials  $0.48  $0 . 50  $0.52  $0.68  $0.50 


General  and  administrative 

(5$)  $0.01  $0.ul  $0.01  $0.01  $0.01 

Mfg  cost  (per  pound  of 

bagged  stock)  $0.?o  $0.72  $o.6o  $0.08  $0. 3o 


y3 .  Add  to  these  figures,  setup  charges ,  profit,  warehousing ,  and 
shipping,  and  an  ultimate  purchasing  price  of  $1.30  to  1.50  per  pound  is 
envisioned. 

94.  floating  and  sinning  pellets  are  easily  manufactured  on  equip¬ 
ment  routinely  available  with  any  manufacturer  of  rubber  goods.  Essen¬ 
tially  these  materials  can  be  mixed  by  mill  or  Banbury ,  extruded  through 
a  4  to  60  hole  (l/l6-in.,  die,  into  a  soapstone/water  emulsion,  cured  on 
a  continuous  line  through  an  air  oven  (300  V  for  3  to  6  min  should  be 
adequate  using  partially  procured  rubber) ,  chopped,  and  bagged  as  a  con¬ 
tinuous  semiautomatic  process. 

95.  Bouquets  are  chopped  in  3-  to  6-ft  lengths  of  extruded  rod, 
rather  than  l/8  in.  or  so  for  pellets;  after  chopping  bouquess  are 
placed  in  a  clamp-binder  machine  that  unites  one  end  of  12  or  more 
strands  with  a  metal  clamp. 

96.  Suspenders  present  much  greater  difficulty  in  that  two  uncured 
stocks  must  be  mated  together  prior  to  cure.  This  can  be  done  by  a  con¬ 
tinuous  press  cure  line  with  tv/o  stock  feeds,  but  it  is  expensive. 
Whereas  a  whirling  knife  or  horizontal  knife  chopper  can  be  used  with 
pellets,  suspenders  require  precutting  of  6-in.  and  1-in.  widths  of  the 
two  stocks,  and  then  trimming  after  cure. 
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'■)'(.  Time  release  floaters,  as  envisioned,  do  not  lend  themselves 
to  simple  munul'ac turi ng  processes,  i'arbcsot  preparations  can  be  cost, 
dried  from  water  or  water/ alcohol  solutions;  however,  mis  is  costly. 
Hot-melt  preparations  are  feasible,  but  special  equipment  is  needed. 

The  manufacturing  methodology  will  turn  with  ttie  envisioned  use.  If  tne 
purpose  of  a  time  release  capsule  is  to  break,  foliage,  this  can  be  sim¬ 
ply  done  by  packaging  tne  floating  pellets  in  a  large  weiguted  gelatin 
capsule.  This  will  release  jn  a  few  minutes  to  a  few  hours,  however , 
if  a  slow  release  of  pellets  is  necessary  over  a  few  nays  to  a  few 
months  period,  the  more  difficult,  and  ore  expensive,  encapsulation 


will  be  necessary. 

98.  '9 ,  a  compound  of  10,1  BKK  in  a  liquid  GBK-typc  rubber, 
was  used  to  treat  water  hyacinth.  At  1  g/gal  an  80,1  kill  was  observed 
by  the  third  week  in  indoor  tests;  100,1  kill  was  achieved  in  tne  fifta 


week.  Lower  dosages  were  not  overly  effective.  Tests  are  continuing. 


PAST  XI:  MANUFACTURING  ANALYSIS 


9S'‘-  A  production  line  flow  is  being  planned.  Preliminary  figures 
indicate  the  following  rough  manufacturing  costs,  excluding  storage, 
shipping,  overhead,  and  profit. 


Compound 

Type 

100  lb 

2000  lb 

10,000  ]b 

100,000  lb 

14ACE-A/B 

Suspender 

$5. 00/lb 

$3-50/lb 

$2 . 50/lb 

$1. 50/lb 

11ACE-C 

Floater 

$3. 00/lb 

$2. 50/lb 

$1. 75/lb 

$1. 25/lb 

11ACE-C 

Bouquet 

$3. 50/lb 

$2. 75/lb 

$2. 00/lb 

$1 • 35/lb 

11ACE-E 

Sinker 

$3. 00/lb 

$2. 25/lb 

$1 . 60/lb 

$1. 10/lb 

100 .  The 

following 

compounds  ! 

have  been  mi 

mufactured  on 

a  pilot 

scale  by  the  Akron  Rubber  Development  Company.  11ACE-C  bouquets  have 


Compound  Quantity,  lb  Type 


11ACE-C 

100 

Floater 

11ACE-E 

100 

Sinker 

14ACE-A/B 

115 

Suspender 

11ACE-C 

25 

Bouquet 

been  sent  to  various  interested  collaborators.  11ACE-E  has  been  pre¬ 
pared  as  several  grades  of  rough  powder.  At  1  g/’gal-  and  0.2  g/gal- 
level,  water  hyacinth  destruction  was  80 %  by  the  third  week  (indoor 
bench  tests) . 


Cr,0 
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PART  XII:  PHASE  II  TIME- RELEASE  CAPSULES 

101,  The  Carboset  family  of  acrylics  were  utilized  as  binders  in 
the  effort  to  formulate  a  variable  time-release  capsule.  The  addition 
of  various  clays  to  the  Carbosets  enhanced  release  time  and  adjusted  the 
specific  gravity.  The  addition  of  varying  cure  levels  increased  the 
lifetime  of  the  capsule.  The  following  compounds  were  formulated: 


Ingredient 

21ACE-A 

21ACE-B 

21ACE-C 

21ACE-D 

Carboset  51*+ 

50 

4o 

40 

4o 

Water 

25 

35 

30 

35 

NH4OII  (28 %) 

5 

5 

5 

5 

Bentonite  (clay) 

18 

18 

25 

-- 

Attaclay 

-- 

-- 

-~ 

18 

Suspenders 

(active  agent) 

30 

15 

15 

15 

ZnO  complex 

2 

2 

-- 

0 

i— 

21ACK-E 

2LACE-F 

21ACE-G 

21ACE-H 

21ACE-I 

Carboset  531 

15 

15 

— 

_  _ 

_  _ 

Carboset  526 

-- 

-- 

15 

15 

10 

Ethanol 

60 

60 

*+5 

45 

50 

NH4OH  (28$) 

5 

5 

5 

5 

3 

ZnO  complex 

2 

2 

2 

2 

2 

Suspenders 

15 

15 

15 

15 

15 

Bentonite 

18 

-- 

33 

-- 

33 

Attaclay 

-- 

18 

— 

33 

21ACE-J 

21ACE-K 

21ACE-L 

21ACE-M 

Carboset  526 

20 

30 

30 

30 

NH4OH  (28%) 

5 

5 

5 

5 

Ethanol 

30 

4o  • 

4o 

4o 

ZnO  complex 

5 

5 

2 

i 

Suspenders 

15 

15 

15 

15 

Bentonite 

4o 

20 

20 

20 

i 

! 


(Continued) 
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Ingredient  (cont'd) 

21ACE-N 

21ACE-0 

21ACE- P 

21ACE-Q 

Carboset  526 

10 

20 

20 

20 

NIfyOH  (28'p) 

5 

5 

5 

5 

Ethanol 

35 

hO 

hO 

4o 

2 LACE- N 

21ACE-0 

2LACE-P 

2J.ACE-Q 

ZnO  complex 

5 

5 

'1 

1 

Suspenders 

20 

20 

20 

25 

Bentonite  (clay) 

4o 

30 

20 

20 

The  above-listed  materials 

were  poured  into 

molds  and 

baked  at 

150  F 

until  dry.  The  solid  time- 

release  pellets 

were  then  placed  in 

lOOU-ml 

beakers  containing  water  at 

.  pH’s  of  6.p  and 

7-6,  respectively. 

102.  Early  indications  from  the  tents  established  release  rates 
for  two  of  the  encapsulated  compounds  under  static  water  conditions: 


21ACE-A  16-18  days 
21ACE-C  30-32  days 


The  test  results  will  not  oe  directly  applicable  to  field  situations  due 
to  their  static  condition,  but  will  serve  as  initial  (guidelines  for 
further  development . 

103.  The  compounding  of  envelopes  that  dissolve  in  1  to  60  days 
with  specific  gravities  from  1.0  to  2.5  may  have  the  following  advantages : 

a.  Ease  of  dispersal. 

b.  Can  be  used  as  either  a  pro  treatment  or  posttreatment. 

£.  Applied  in  slow  growth  months  (winter)  and  released  in 
the  spring?  thus  better  utilisation  of  labor. 

104.  The  0 Low  release  of  aquatic  herbicides  from  elastomeric- 
matrices  offers  substantial  promise  as  an  economic  means  of  cord. rolling 
unwanted  aquatic  growth .  Laboratory  efficacy  lias  demonstrated  the 
feasibility  of  the  method.  The  scope  of  the  past  program  lias  encom¬ 
passed  only  one  form  of  2,4-D  which  does  not  possess  a  high  degree  of 
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effectiveness  against,  many  aquatic  weeds.  Consequently,  the  program 
has  been  expanded  to  include  those  agents  having  high  efficacy  against 
the  various  plants  in  question.  I'dnd,  her  more ,  slow  release,  to  achieve 
maximum  economy,  must  act  through  the  chronic  phytotoxicity  rather  than 
the  acute.  Present  conventional  treatment  utilizes  massive  dosing  to 
rapidly  destroy  the  pest — and  requires  repeat  application  within  a  few 
weeks  or  few  months.  In  contrast,  the  continuous  presence  of  a  low 
level  of  phytotoxicity  over  months  or  years  will,  it  is  hypothesized, 
destroy  the  same  growths.  Probably  of  even  greater  importance,  most 
plants  are  much  more  susceptible  when  seedlings  or  immature --and  re¬ 
growth  can  be,  it  is  believed,  effectively  prevented  by  persistent  low 
dosage.  That  is,  destruction  or  retardation  through  chronic  effects 
will,  occur. 


PART  XIII:  CHRONIC  DOGE  STUDIES 


105.  Briefly,  it  was  the  intent  ol'  t/ie  chronic  dose  study  to  apply 

< 

a  continuous  low  dose  of  a  number  of  known  in-use  aquatic  herbicides  to 
major  aquatic  pest  plants.  Various  chronic  dosage  rates  were  to  be 
used  against  mature  and  immature  plants.  Exposure  time  was  likewise  to 
be  varied  ranging  from  two  weeks  to  four  months.  Plants  were  to  be 
continuously  observed  and  effects  recorded. 

106.  A  number  of  1-gal  jars  and  9-ga.l  baskets  were  set  up  contain¬ 

ing  three  or  more  mature  plants.  Two  distinct  experiments  were  undei'  way 
(outdoors):  (a)  accumulative  dose  effects  by  adding  a  measured  amount 

of  herbicide  each  day;  and  (b)  adding  a.  daily  herbicide  dose,  but  with 
the  water  changed  each  day.  In  Hie  latter  ease  dose  was  held  fairly 
constant, . 

107 •  Toxicant  levels  of  0.1  ppmw,  0.01  ppmw,  and  0 . (.01  ppmw  were 
used.  Also  run  in  parallel  wore  control  plants  (no  dose)  and  1  ppmw 
as  a  typical,  though  low,  conventional  dose  rate. 

108.  The  following  evaluations  were  under  way: 


Herbicide 


Plant 


Diohlobenil 
2,4-D  butylester 
Fenuron 
Silvex 

2,4-D  dimethylamine 
Fenac 

2,4-D  butoxyethanol  ester 
2,4-D  oleylamine 
2,4-D  acid 


Elodea,  naiad,  milfoil 
ELodea,  hyacinth,  milfoil 
Elodea 

Hyacinth,  milfoil,  alligator  weed 
Hyacinth 

Milfoil,  vallisneria,  alligator 
we e d ,  naiad,  e abomb a 

Vallisneria,  milfoil 

Hyacinth,  milfoil 

Hyacinth,  alligator  weed 


10y.  It  was  also  planned  to  initiate  the  following  when  herbicides 
were  received: 


Cp4 


Herbicide 


Plants 


Eudothal  acid 
Acrolein 
Endothal  amine 
Diquat 

Hydrothol 

Endothal  (di sodium) 


Elodea,  milfoil,  oabomba 
Elodea 

Elodea,  ) jacinth 

Elodea,  hyacinth,  milfoil , 
naiad,  water  lettuce 

Elodea 

Cabomba 


110.  Tests  were  initiated  in  June.  However,  further  work  on 
this  study  will  not  be  reported  on  the  subject  contract  as  it  lias  been 
terminated.  All  studies  were  performed  in  duplicate. 

111.  Tables  C21,  C22,  and  C23  show  the  initial  results. 
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Table  C21 


Chronicity  Study:  Accumulated  Dose 


Dose 

No 

Day 

s  to 

%  Plant 

Deterioration 

riant. 

A«ont 

ppmw 

22* 

iir 

~yyf 

it2 

22 

sT 

22  80  22 

100 

Naiad 

Eenac 

1.0 

2 

4 

4 

Naiad 

Eenac 

0,1 

3 

Naiad 

Eenac 

0.01 

Naiad 

Diehlobenil 

1.0 

3 

4 

5 

5 

5 

~~T 

Na  i  ad 

Diehlobenil 

0.1 

6 

6 

6 

Uni  ad 

Dic!ilobenil 

6 

Elodea 

Diehlobenil 

1.0 

2 

3 

3 

3 

““ !T 

5 

5 

5 

Klodea 

Diehlobenil 

0.1 

3 

3 

5 

6 

6 

6 

6 

6 

RJ  odea 

Diehlobenil 

0.01 

4 

_  5 

Elodea 

Feuac 

1.0 

3 

Elodea 

Eenac 

0.1 

Elodea 

Eenac 

0.01 

Vnllisnerin 

Eenac 

1.0 

2 

2 

2 

3 

3 

"T 

4 

4 

Val.lisneria 

Ee  nae 

0.1 

2 

2 

3 

3 

3 

llisneria 

Eenac 

0.01 

5 

Vnllisneri.? 

BEE 

1  .0 

4 

5 

Vallianeria 

BEE 

0.1 

5 

Vn Hi  sneria 

BEE 

0.01 

Milfoil 

2,4-D  butyl 

1.0 

1 

2 

2 

3 

4 

4 

Milfoil 

2,4-0  butyl 

0.1 

1 

c 

2 

Milfoil 

2,4~D  butyl 

0.01 

Milfoil 

Eenac 

1.0 

1 

2 

3 

4 

4 

4 

Milfoil 

Eenac 

0.1 

1 

2 

2 

Milfoil 

Eenac 

0.01 

4 

Milfoil 

REE 

1.0 

1 

2 

2 

2 

3 

3 

3 

3 

Milfoil 

BEE 

0.1 

2 

3 

3 

Milfoil 

BEE 

0.01 

3 

Milfoil 

2,4-1)  oleylamir.e 

1.0 

1 

1 

2 

2 

3 

3 

3 

3 

Milfoil 

2,4-D  oleylamine 

0.1 

1 

2 

3 

3 

3 

Milfoil 

2,4-D  oleylamine 

0.01 

3 

3 

Milfoil 

Silvex 

1.0 

1 

2 

2 

2 

2 

2 

2 

3  3  3 

3 

Milfoil 

Silvex 

0.1 

1. 

2 

2 

2 

2 

3 

3 

Milfoil 

Silvex 

0.01 

2 

3  . 

3 

Cobomba 

Eenac 

1.0 

3 

3 

3 

Caboniba 

Eenac 

0.1 

3 

4 

5 

Cnbomba 

Eenac 

0,01 

tirih-  — u?*-’ 


Table  Cl’.? 

Chronicity  Study;  basket  Tests 
Experiment  1 


Weekly  Readings,  % 
Dose  Deteriorated 


1  Mailt 

Agent. 

ppmw 

Wkl 

Wk2 

Wk3 

Wk4 

Hyacinth 

2,4-D  butyl 

0.1 

p 

o 

C- 

o 

D 

Hyacinth 

Silvex 

0.1 

p 

o 

c. 

10 

‘JO 

Hyacinth 

2,4-1)  oleylamine 

0.1 

o 

4 

in 

— 

Table  C23 


Chronicity  Study:  Constant  Toxicant  Level 
Experiment  .2 


Dose 

No. 

Days  to  •% 

Plant  Deterioration 

Plant 

Agent 

ppm  w 

w 

to J 

20‘}i  30 

40 

jo 

60 

70 

80  90 

Cabomba 

Kena.e 

J  .0 

2 

3 

3  4 

4 

Cabomba 

Fenac 

0.1 

3 

o 

4 

Cabomba 

Fenac 

0.01 

4 

Milfoil 

2,4-1)  butyl 

1.0 

1 

1 

2  2 

o 

P 

3 

3 

■n 

J) 

Mil  foil 

2,4-D  butyl 

U.l 

1 

1 

o  p 

o 

3 

4 

4 

4 

Mill’oj  1 

2,4-D  butyl 

0.01 

3 

3 

4  4 

4 

Milfoil 

Fenac 

1.0 

1 

J. 

p  2 

2 

3 

3 

Milfoil 

Fenac 

0.1 

o 

3 

4  4 

Milfoil 

Fenac 

0.01 

o 

p 

Milfoil 

2,4-D  IFF 

1.0 

1 

1 

1  2 

p 

p 

3 

3 

Milfoil 

2,4-D  BEE 

0.1 

1 

c 

2  3 

Mi  1  fo;i  1 

2,4-D  BEE 

0 . 1  Q 

Vallisneria 

Fenac 

1.0 

2 

o 

2  3 

3 

4 

4 

4 

4 

Vallisneria 

Fenac 

0.1 

") 

3 

4  4 

4 

Vallisneria 

Fenac 

0.01 

J 

Elodea 

Diclilobenil 

1.0 

o 

i- 

o 

3  3 

4 

4 

J 

J 

J 

Elodea 

Dichlobenil 

0.1 

4 

4 

J 

Elodea 

Dichlobenil 

0.01 

3 

Elodea 

2,4-D  butyl 

1  .0 

1 

1 

l  3 

3 

3 

Elodea 

2,4-D  butyl 

0.1 

1 

n 

J 

Elodea 

2,4-D  butyl 

0.01 

Naiad 

Dichlobenil 

1.0 

s 

If 

4  4 

)j 

4 

4 

J 

J 

Naiad 

Dichlobenil 

0.1 

4 

J 

'j 

Naiad 

Dichlobeni L 

0.01 

J 

PART  XXV:  CONCLUSIONS  AND  DISCUSSION 


112-  Since  rubber  can  be  manufactured  in  a  variety  of  shapes, 
densities,  etc.,  its  use  as  a  regulating  membrane  for  the  release  ol' 
herbicides  allows  the  evaluation  of  the  phytozone  intoxication  concept. 

113-  Carbon  black,  as  an  additive,  will  retard  loss  rate.  Such 
slowing  of  internal  diffusion  is  probably  proportional,  to  a  limit,  to 
the  amount  of  black  used  and  inversely  proportional  to  the  particle 
size.  Both  black  ami  phenolic  "microbal loons"  can  be  used  as  an  arti¬ 
ficial  means  of  exceeding  the  solubility  limit  of  BEK  in  natural  rubber. 

114.  Natural  rubber,  because  of  its  low  cost,  high  biodegradation 
potential,  and  high  solvency  for  BEK  is  the  proper  matrix  choice. 

115.  The  superior  candidate  formulations  are  listed  in  table  C24. 


Table  C24 

Superior  Candidate  '.How-Release  Herbicides 
(Ranked  in  Order  of  Efficacy) 

Release  Rate 


Target 


Formulations 


^  BEE  Tng/env--da\ 


Longevity 

months 


Water  hyacinth 

i4ace-a,b 

22/18 

0.03 

Suspenders 

21 

11ACE-E 

22 

-2 

Sinkers 

-  - 

18ACE-B 

3^ 

0.19 

Sinkers 

9 

18ACE-F 

28 

-- 

Sinkers 

— 

Elodea 

11ACE-E 

22 

_  _ 

Sinkers 

(potted) 

17ACE-B 

37 

0.08 

Sinkers 

22 

15ACE-B(H) 

38 

O.07 

Sinkers 

27 

Water  milfoil 

11ACE-E 

22 

-  - 

Sinkers 

_  _ 

(potted) 

i4ace-a,b 

22/18 

0.03 

Suspenders 

21 

15ACE-B(P) 

38 

-- 

Sinkers 

— 

17ACE-B 

37 

0.08 

Sinkers 

22 

Alligator  weed 
(potted) 

11ACE-E 

22 

— 

Sinkers 

“  - 

116.  The 

inferiority 

of  floating  pellets 

is  marked  in  the 
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laboratory.  However,  field  conditions  may  be  such  as  to  allow  mixing  of 
the  2,4-D  surface-film  release  with  possible  adequacy  in  the  natural 
environment . 

117.  The  first  year's  effort  demonstrated  that  (a)  the 
butoxyethanol  ester  of  2,4-D  can  be  incorporated  in  simple,  inexpensive, 
elastomeric  matrices  and  will  (b)  release  into  a  surrounding  water 
environment  via  a  diffusion  dissolution  mechanism,  and  will  (c)  destroy 
water  hyacinth,  water  milfoil,  and  probably  elodea. 

118.  During  the  second  year  the  feasibility  of  manufacturing  pel¬ 
lets  and  suspenders  was  shown,  although  costs  were  high.  Future  costs 
will,  of  course,  depend  upon  demand.  High  demand  will  encourage  full- 
scale  manufacturing  and  prices  of  around  $1.50  per  pound. 

119-  Lifetimes  in  excess  of  9  months  have  been  estimated  from 
loss  rate  analysis. 
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DISSIPATION  OF  2,4-P  RESIDUES  IN  POMPS ,  TAKES,  BAYOUS, 
AID  OTHER  QUIESCENT  OR  SLOWLY  MOVING  BODIES  OF  WATER* 


Edward  0.  Gancstad  and  William  K.  Averitt** 


Abstract 


This  study  was  made  to  determine  2,4-D  residues  and  their 
dissipation  rates  in  surface  water  after  treatment,  to  control 
aquatic  vegetation .  Parameters  found  to  affect  residue  levels 
are:  rate  of  treatment  for  1-,  4-,  and  10-lb  acid  equivalent 

per  surface  acre;  dilution  in  water  for  1-,  3->  '->-■>  and  ?-ft 
depths;  mean  temperature  for  April,  May,  July,  September, 
November,  and  December  treatments;  and  elapse  time  for  1,  7, 

14 ,  and  28  days  after  treatment.  Partial,  correlation  analy¬ 
ses  indicated  that  all  factors  contributed  to  the  rate  of 
dissipation,  and  a  partial  regression  equation  was  developed 
for  prediction  of  residues  after  herbicide  treatment.  For 
the  standard  level  of  treatment,  i.e.  4-lb  acid  equivalent 
per  acre,  the  dissipation  rates  are:  ‘J>8-ppb  decrease  in 
residue  for  each  2-ft  increase  in  depth  of  water  treated; 
115-ppb  decrease  in  residue  for  each  10  F  increase  in  tem¬ 
perature  above  60  F  mean  temperature;  and  73-ppb  decrease  in 
residue  for  each  7-day  interval  of  time  after  treatment. 


Introduction 

1.  The  U.  S.  Army  Corps  of  Engineers  has  been  actively  eiifufed  in 
the  control  and  eradication  of  obnoxious  plants  since  the  first  Con¬ 
gressional  appropriation  for  that  purpose  in  1 897 •  Water  hyacinth 


*  Research  Contribution  of  the  Office,  Chief  of  Engineers,  Washington, 
D.  C.,  and  the  University  of  Southwestern  Louisiana.  T&fayette, 

La. ,  under  contract  DACW-68-C-OOO6.  Paper  presented  at  the  National 
Meetings  of  Weed  Science  Society  of  America,  February  9-11,  1971, 
Dallas ,  Te  :< . 

**  Chief,  Aquatic  Plant  Control,  Office,  Chief  of  Engineers,  Washington, 
D.  C.,  and  Associate  professor.  Department  of  Chemical  Engineering, 
University  of  Southwestern  Louisiana,  respectively. 


Preceding  page  blank 


(Kiohhornia  erassipes  (Mart)  Solras)  and  alligater  weeu  (Alternanthera 
philoxeroids  (Mart)  Grieb)  have  been  the  most  serious  plant  problems  in 
Louisiana  and  other  states  of  the  Atlantic  ana  Gulf  coasts.  Mechanical 
methods  were  originally  used  for  aquatic  plant  control,  but  these 
methods  have  been  largely  replaced  by  chemical  and  biological  methods 
which  are  more  economical  and  more  effective.  Because  data  on  the  rate 
of  dissipation  of  2,4-1)  residues  in  the  aquatic  environment  are  quite 
limited,  the  purpose  of  this  study  was  to  determine  the  amounts  of 
2,4-D  residue  in  surface  water  after  treatment  tc  control  aquatic  vege¬ 
tation  and  the  time  required  for  these  residues  to  be  dissipated. 
Parameters  affecting  residue  levels 

2.  The  concentration  of  detectable  amounts  of  the  herbicide  2,4-D 
in  surface  water  is  Pnom  to  be  determined  by  such  abiotic  (nonliving) 
factors  as  the  rate  of  treatment  and  the  extent  of  dilution  as  affected 

by  depth,  flow,  cr  addition  of  water  to  the  system.  Photo  degradation"1 

o 

and  absorption  of  the  hydro  soil*-  are  not  found  to  be  major  routes  for 
reduction  of  2,4-D  residues,  but  biodegradation  by  microorganisms"  and 
metabolism  by  plants  are  found  to  be  major  routes  of  herbicide  decom¬ 
position.  Temperature  arid  time  are  important  parameters  affecting  the 

rate  of  dissipation  because  they  are  known  to  influence  biological 

♦ 

processes  to  a  large  degree. 

Ecological  effects  of  her blcide  treatment 

3*  Direct  effects  of  repeated  use  of  herbicides  such  as  2,4-D  on 
the  aquatic  environment  are  relatively  minor  if  the  herbicides  are  used 
properly.  Indirect  effects  may  conceivably  result  in  particular  changes 
in  the  environmental  system  over  a  period  of  time.  These  changes, 
however,  are  not  necessarily  detrimental,  for  single  organisms  arc  not 
indispensible  to  an  ecological  community  and  many  different  organisms 
compete  for  the  same  niche.  The  most  obvious  ecological  effect  of 
herbicide  application  is  the  reduction  of  the  plant  population  to  an 
earlier  point  in  the  succession.  This  again  is  not  a  serious  or 
lasting  problem  because  many  different  organisms  are  known  to  be  able 
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weed  around  the  outside  perimeter  which  was  made  available  for  testing 
in  September  1966.  Chemical  control  at  this  location  had  not  been 
previously  attempted.  The  dimethylamine  salt  of  2,4-D  was  ap'plied  by 
boat  as  a  coarse  spray  at.  the  rate  of  4  lb  ae / A  for  plots  approximately 
one-hundredth  of  an  acre  in  sine.  Samples  were  taken  at  regular  in¬ 
tervals  within  each  plot,  and  analysed  for  2,4-D. 

11.  Additional  field  studies  on  the  residues  of  2 , 4-D  in  surface 
water  were  initiated  at  Spanish  Lake,  New  Iberia,  La.,  in  May  1968. 

Two  test  sites  were  selected  in  a  small  canal  which  was  closed  at  one 
end  and  was  adjacent  to  the  lake.  Test  plots  were  %)  by  4u  ft  in  area 
in  a  solid  mat  of  alligator  weed.  The  water  depth  was  approximately 
5  ft.  Plots  were  treated  in  the  usual  manner  at  a  rate  of  1  and  10  lb 
ae/A  on  23  May  and  29  June.  Within  each  test  plot,  four  areas  were 
sampled  about  6  in.  below  the  surface.  The  data  are  reported  at  the 
level  of  treatment  and  computed  at  a  level  of  4  lb  ae/A  for  comparison 
with  other  treatments. 


Result;;  and  Discussion 


12.  Laboratory  and  field  data  are  summarized  in  tables  LI  and  P2, 
respectively,  for  test  site,  month  of  treatment,  rate  of  treatment, 
long-range  temperature,  and  residue  levels  of  2,4-D  in  parts  per  billion 
for  1,  7?  14,  and  28  days  after  treatment.  Substantial  differences 

for  particular  conditions  are  observed  within  each  study. 

Laboratory  tests 

13.  Results  of  plastic  pool  tests  for  2,4-1)  dimethylamine  and  the 
propylene  glycol  butyl  ester  for  November  and  May  treatments  indicate 
the  relative  differences  due  to  formulation  and  month  of  application. 

At  28  days  after  treatment,  residues  of  279  and  927  ppb  were  observed 
for  November  with  an  average  temperature  of  6l  F  as  compared  with 

34  and  64  ppb  in  May  with  an  average  temperature  of  79  F.  The  2,4-D 
amine  was  dissipated  more  rapidly  in  both  November  and  May  treatments. 


Table  D1 


Keri  iue:-  of  ?,7-.i  (in  parts  j-jr  billion) 
in  Surf-ace  Water,  Laboratory  Terris 


Ai  i  1  i  eat  ion 

Water 

Lon,>Kan.;e 

Mwli*  1.  ]\Ut  u 

Du  I’ til 

Mean  Ternr 

Day:; 

After 

Treatment 

Si*  e 

Treat  ei  3l/A 

a. 

°K 

1 

7 

\h 

28 

Flu.;*  i  • 

IjOV  -r 

3 

t 

3  56 

itO  1 

b3  2 

29- > 

i  OOl  u* 

i;ov 

1 

■  1 

307 

906 

622 

291 

Mean 

331 

790 

uO  _» 

2  75 

V  i  •  i  •  i  1  • 

liov  '*■ 

J. 

('1 

1,30 

707 

7‘j3 

73’ 

;  ooj  ,'3'X 

Lov  7 

1 

(. ! 

377 

396 

65 1. 

623 

Merit: 

•Mi 

381 

71 7 

527 

P  I’i.'  tie 

May 

79 

V3v 

90 

31 

11 

! OolC* 

May 

1 

75 

606 

57 

13 

98 

Menu 

717 

53 

22 

37 

P!  a.-ti  ■ 

May 

*! 

‘i'j 

780 

72 

56 

f'\ 

**V 

May  !* 

i 

75 

3ya 

126 

7  9 

89 

Mean 

831 

3n 

52 

6:t 

May  7 

3 

7  b 

Li 

.267 

168 

;  oo J.'.t 

May  a 

3 

79 

lyb 

312 

y.'Dj 

27 

Mean 

lot 

283 

203 

25 

in,: 

Jul  y  7 

.•3 

6l 

73 

2  hO 

]7« 

93 

poo! ;;+ 

July 

3 

$2 

cSi/ 

2C-o 

1.39 

28 

Mean 

61. 

220 

l66 

7l 

Sv;.i.’:.::.in,‘ 

May  1 

3 

75 

15 

66 

);..5 

16 

ncolst 

July  1 

3 

8.1 

79 

73 

98 

33 

Me  a, a 

21. 

7  - 

90 

25 

May  3.0 

? 

j 

75 

3.03 

51. ■ 

371 

13.3 

pool  st 

•July  Lj 

3 

X\*\) 

yon 

733 

10? 

Me  an 

3  57 

5U 

702 

120 

Least  si-yiificaiit  difference  1'  =  09 

179 

3C 

39 

60 

Tieast  significant  di 

fference  P  =  01 

27  7 

7  3 

99 

89 

*  Ouf  .ioor 

pools,  covert l  lO  keen 

out  rainfall,  7  ft  by  2 

l'i,  by 

1  ft, 

Lafayette , 

La. .  Ire 

ate:  with  2,7 -P  amine  s 

ul  t. 

'>'■*  OUt.  loi)2’ 

pool:;,  covx-ru  i  to  keep 

out  raini 

’aii,  'f  rt  by  y. 

ft.  by  : 

1  f'-. 

Lafay 

elte , 

La. ,  tro 

ate. I  with  enter. 

t  Out  loor 

j'oolr. ,  not  cove  re  1  to 

keep  out  rainfall  but  a  i.juste-i 

to  a  i 

tonstan  t 

level,  Hew  Iberia,  La.,  treated 

with  2,7- 

■h  amine  salt. 
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weed  around  the  outside  perimeter  which  war  made  available  for  testing 
in  September  Id  6  6 ■  Chemical  control  at  tills  location  liad  not  been 
previously  attempted.  The  dimethylamine  salt  of  .1,4-1)  was  applied  by 
boat  as  a  coarse  spray  at  the  rate  of  4  lb  a e/;\  for  plots  approximately 
one-hundredth  of  an  acre  in  sine.  Samples  were  taken  at  regular  in¬ 
tervals  within  each  plot,  and  analysed  for  2,4-D. 

11.  Additional  field  studies  on  the  residues  of  2,4-D  in  surface 
water  were  initiated  at  Spanish  Lake,  New  Iberia,  La.,  in  May  l‘j68. 

Two  test  sites  were  selected  in  a  small  canal  which  was  closed  at  one 
end  and  was  adjacent  to  the  lake.  Test  plots  were  ljG  by  4o  ft  in  area 
in  a  solid  mat  of  alligator  weed.  The  water  depth  was  approximately 
9  ft.  Plots  were  treated  in  the  usual  manner  at  a  rate  of  1  and  1.0  lb 
ae/A  on  23  May  and  29  June.  Within  each  test  plot,  four  areas  were 
sampled  about  6  in.  below  the  surface.  The  data  are  reported  at  the 
level  of  treatment  and  computed  at  a  level  of  4  lb  ae/A  for  comparison 
with  other  treatments. 


Results  and  Discussion 


12.  Laboratory  and  field  data  are  summarized  in  tables  D1  and  D2, 
respectively,  for  test  site,  month  of  treatment,  rate  of  treatment, 
long-range  temperature,  and  residue  levels  of  2,4-D  in  parts  per  billion 
for  1,  7,  14,  and  28  days  after  treatment.  Substantial  differences 

for  particular  conditions  are  observed  within  each  study. 

Laboratory  tests 

13.  Results  of  plastic  pool  tests  for  2,4-D  dimethyl  amine  and  the 
propylene  glycol  butyl  ester  for  November  and  May  treatments  indicate 
the  relative  differences  due  to  formulation  and  month  of  application. 

At  28  days  after  treatment,  residues  of  278  and  82 7  ppb  were  observed 
for  November  with  an  average  temperature  of  6l  F  as  compared  with 

34  and  64  ppb  in  May  with  an  average  temperature  of  78  F*  The  2,4-D 
amine  was  dissipated  more  rapidly  in  both  November  and  May  treatments. 
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Table  Dl 


Red  lues  of  9,4-P  (in  parts  per  billion) 
i:i  Surface  Water.  Laboratory  Testa 


Application 

Wat  er 

Long-Run, .ie 

Test. 

Mont  li 

Kate 

Dentil 

Mean  Temp 

Days 

After 

Treatment 

Site 

Trento  i 

lb /.A 

l't 

O  :  , 

i* 

1 

7 

14 

98 

Plus*  i  • 

liov 

!i 

1 

el 

356 

492 

58:2 

250 

pool  a* 

Uov 

if 

1 

01 

307 

506 

022 

291 

Mean 

331 

400 

60. : 

275 

1- Las  tie 

liov 

I; 

(•] 

450 

4  07 

7  ‘jj 

'o-- 

!  ool 

Nov 

)| 

1 

to 

374 

356 

634 

6.23 

Mean 

412 

381 

73.7 

527 

Plastic 

May 

> 

1 

75 

739 

50 

31 

31 

pOO  l.s* 

May 

M 

1 

75 

606 

57 

13 

5« 

M>v\n 

717 

53 

00 

34 

Plastic 

May 

lf 

1 

•  y 

780 

72 

56 

40 

pool  n-x-x 

May 

4 

1 

75 

674 

126 

49 

89 

Mean 

331 

89 

52 

64 

Swimming 

May 

1 

<f 

3 

75 

5-2 

264 

168 

32 

pool  ,',t 

May 

1. 

3 

75 

3  56 

33  2 

248 

•>>, 

Mean 

o4 

283 

203 

28 

Swimming 

Jul  y 

u 

3 

02 

43 

240 

3  48 

I>3 

tools, t 

July 

lr 

3 

52 

t)D 

200 

185 

28 

Mean 

61 

220 

3  66 

41 

Swimming 

May 

1 

7!> 

13 

66 

42 

3.6 

pools t 

JuJ  y 

1. 

3 

82 

>9 

73 

58 

33 

Mean 

21 

72 

50 

25 

Sv/iir.initi;: 

May 

10 

*1 

75 

3.08 

519 

273 

1 33 

+- 

M 
> — i 

o 

o 

July 

10 

3 

8.2 

199 

504 

433 

107 

Mean 

3  54 

511 

402 

120 

Least  significant  difference  P  =  05 

3.75 

36 

39 

60 

I^ast  significant  di 

fference  P  =  01 

247 

'<3 

55 

85 

*  Outioor 

pOOl  .'5  , 

covered  to  keep 

out  rainful 1 ,  4  ft  by  2 

ft  by 

3  ft, 

Lafayette , 

I, a.,  treate  i  v/iUi  2,4-p  amine  nalt. . 

**  Outioor  r.ool:;,  oovere  i  to  keep  out  rainfall,  4  l’t  by  2  rt,  by  1  ft,  Lafayette, 
La.,  treated  v/iUi  2 ,4-1)  ester. 

t  Outioor  jool:;,  not  covered  to  keep  out  rainfall  but  adjusted  to  a  constant, 
level,  Hew  Ibelia,  La.,  treatei  with  2,4-1.'  amine  salt. 
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Results  of  swimming  pool  tests  at  4  lb  ae/A  at  the  23th  day  did  not  dif¬ 
fer  significantly  from  plastic  pool  tests,  but  are  substantially  lower  \ 

for  the  first  dates  of  sampling.  i 

Field  tests 

14.  Results  of  field  studies  as  listed  in  table  D2  for  residues 

of  2,4-D  show  the  same  general  trend  to  decrease  with  time  as  days  after 
application,  and  were  reduced  to  about  100  ppb,  14  days  after  treatment 
when  applied  at  a  level  of  4  lb  ae/A.  At  the  initial  stages  after 
treatment,  relatively  large  differences  in  residue  were  observed,  re¬ 
lated  to  test  site.  Residues  in  Mouten  Pond,  Rogers  Pond,  and  the  Park 
Lagoons  were  relatively  high  on  the  first  date  of  sampling  but  tended 
to  decrease  rapidly  thereafter.  Residues  at  Bayou  Teche  and  Spanish 
Lake  were  low  during  the  first  date  of  sampling,  tended  to  increase  up 
to  the  7th  day  after  treatment  and  decreased  rapidly  after  this  point. 

It  is  assumed  that  these  discrepancies  are  due  to  absorption  on  the 
vegetation  and  hydrosoil  and  later  released  to  the  surface  water.  Water 
hyacinths  treated  in  December  in  Bayou  Teche  were  killed  completely  by 
the  tenth  week  after  treatment  as  compared  with  the  fourth  week  after 
treatment  in  Rogers  Pond,  treated  in  April.  It  is  assumed  that  this 
difference  in  rate  of  activity  is  due  to  temperature.  Differences  in 
the  residue  level  are  apparent  for  depth  of  water  and  rates  of  appli¬ 
cation  in  the  City  Park  Lagoons  and  in  Spanish  Lake  treatments. 

Partial  correlation  analysis 

15.  The  parameters  observed  in  tables  D1  and  D2  are  the  most 
obvious  effects  related  to  field  application;  that  is,  the  rate  in 
pounds  acid  equivalent  per  acre,  depth  of  the  water  treated,  mean  tem¬ 
perature  of  the  aquatic  environment,  and  time  lapse  in  days  after 
treatment,  however,  direct  inspection  of  the  data  does  not  lead  to 
definite  conclusions  as  to  which  of  these  functions  has  the  greatest 
effect  on  the  dissipation  of  2,!i-L>  residues,  nor  to  which  conditions 
are  most  critical  for  rapid  dissipation. 

16.  For  further  evaluation,  the  data  were  processed  for  partial 
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correlation  analysis  and  the  results  are  summarized  in  table  1)3  for  the 
input  suimnary  and  the  correlation  matrix.  The  input  summary  shows  that 
most  of  the  variability  is  in  parts  per  billion  residue  of  2,4-D.  The 
standard  deviation  and  the  coefficients  of  variation  in  percent  of  the 
mean  are  also  greatest  in  parts  per  billion  2,4-D.  It.  is  assumed  that 
a  number  of  unmeasured  factors  contribute  to  this  variability. 

Table  D3 

Input  Summary  and  Correlation  Matrix  of  Partial  Correlation 
Analysis  of  Rate,  Depth,  Temperature,  Time,  and  Residue 


> 


Input  Summary 


Variable 

Mean 

Variance 

Std  Dev 

CV%  M 

Rate,  lb/surface 

area 

XI 

4.375000 

5.518868 

2 . 349227 

53 

Depth,  ft 

X2 

3.475000 

3.798113 

1.948875 

55 

Temp,  ? 

X3 

73.687500 

59.713050 

7-727422 

14 

Time,  days  after 

treatment 

x4 

14.243750 

92.81046 

9.634024 

68 

Residue,  ppb 

2,4-D 

X5 

177.356250 

50729.513793 

225.232133 

128 

Correlation  Matrix 

Rate,  lb/surface 
area 

Depth,  ft 

Temp,  F 

XI 

X2 

X3 

1.000000 

0,043272 

0.092763 

1 , 000000 
0.091773 

1.000000 

Time ,  days  after 
treatment 

X4 

-0.000729 

0.003894  • 

-0.002772 

1.000000 

Residue,  ppb 

2,4-D 

X5 

0.159427 

-0.278733 

-0.396324 

-0.325054  1.000000 

17 •  The  correlation  matrix  shows  a  positive  relation  between  the 
rate  of  application  and  the  residue  level  and  negative  relations  to 
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other  variables.  Thus,  the  increase  in  the  rate  of  treatment  increases 
the  residue  concentration,  the  increase  in  depth  reduces  the  residue 
concentration,  the  increase  in  temperature  reduces  the  residue  concen¬ 
tration,  and  the  increase  in  time  after  treatment  reduces  residue  con¬ 
centration.  These  relations  conform  to  generally  observed  rates  of 
herbicide  action  in  field  operation. 

Multiple  regression  equation 

18.  For  further  study  of  these  different  functions,  the  multiple 
correlation  coefficients  were  calculated,  using  the  TYMSIIARE  STEPREG-1 
procram,  holding  each  variable  constant  with  forced  exclusion  of  each 
variable.  The  index  of  dependent  variable  (ppb  residue)  and  analysis 
of  variance  are  given  in  table  D4.  The  highest  multiple  index  of  de¬ 
termination  was  obtained  with  Xi^  as  the  dependent  variable,  including 

all  variables  measured.  The  partial  correlation  is  highly  significant 
o 

(r~  =  0.3643;  R  =  0.60),  accounting  for  36  percent  of  the  total  varia¬ 
tion.  The  greatest  slope  is  obtained  for  X^  (depth)  and  the  least  for 
(time).  The  multiple  regression  equation  is:  Xr  =  1144.4644 
-  11.466x3  -  7.W89X4  -  28.9349X?  h-  19*7998X1* 

Practical  application 

19.  The  dissipation  of  2,4-D  residues  as  stated  above  depends  upon 
a  number  of  partially  dependent  variables,  namely,  rate  of  application, 
dilution,  temperature ,  time  after  application,  etc.  While  it  is  desir¬ 
able  to  determine  these  factors  individually  for  scientific  evaluation, 
from  a  practical  point  of  view  it  is  sufficient  to  know  the  combined 
rate  at  which  these  changes  take  place  and  the  level  at  which  they  have 
a  negligible  effect.  Table  D5  has  been  prepared  to  give  the  predicted 
values  likely  to  be  encountered  in  field  practice.  From  the  generalized 
equation  as  discussed  above,  we  observe  for  the  standard  level  of  treat¬ 
ment,  i-e.,  4  lb  ae/A,  the  dissipation  rates  are:  ‘58  ppb  decrease  in 
residue  for  each  2-1't  interval  increase  in  depth  of  water  treated; 

115  ppb  decrease  in  residue  for  each  10  F  increase  in  temperature  above 
60  F  mean  temperature;  and  53  ppb  decrease  in  residue  for  each  7-day 
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Table  J)4 


Step  1  variable  3  added,  index 
Step  2  variable  4  added,  index 
Step  3  variable  2  added,  index 
Step  4  variable V1  added,  index 


Multiple  index  of  determination  =  0.364291 
F  ratio  4.155:22.2056* 


=  0.157073 
=  0.263449 
=  0.322061 
=  0.364291 


Analysis  of  Variance 


Variable  Coefficient 


Variance 


T-Test 


'.onstant. 

1144.4644 

19,956.3180 

8 ■ 1014* 

3 

-11 . 4666 

3-5422 

-6.0926* 

-334.2193 

4 

-7. 5939 

2. Phi  7 

-5.0752* 

-17Y.6524 

2 

-28.9349 

55.3139 

-3.8905** 

-3344.0151 

1 

19.7998 

38.0737 

3.2088** 

1898.3049 

*  Highly  significant,  P  =  01. 
**  Significant,  P  -  05. 


interval  of  time  after  treatment.  Because  cf  the  generalized  nature  of 
this  study,  the  predicted  values  are  likely  to  apply  lu  most  areas  of 
the  Atlantic  and  Gulf  coast. 
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Table  D3 

Predicted  Residue  Levels  (in  parts  per  billion) 


Application 
Rate 
lb /acre 

Depth 

ft 

Temp,  CF 

Days 

1 

After 

7 

Treatment 

14  28 

2 

3 

GO 

402 

356 

303 

196 

70 

237 

241 

188 

81 

80 

172 

126 

72 

-- 

5 

60 

344 

298 

249 

139 

70 

229 

182 

130 

24 

80 

114 

r> 

DO 

16 

-- 

7 

60 

286 

?4o 

187 

81 

70 

171 

123 

72 

-- 

80 

37 

1.1 

-- 

3 

Ou 

442 

396 

342 

236 

70 

327 

281 

228 

121 

8o 

212 

166 

113 

Y 

r 

/'/> 

'%0». 

• »  •-> f  7 

O  0 1 . 

1  *7  0 

9 

uu 

Jjf 

itl/t 

J.  ( u 

70 

269 

223 

170 

64 

80 

184 

108 

33 

-- 

7 

6o 

326 

279 

227 

120 

70 

23  0 

163 

112 

6 

80 

96 

31 

-- 

-- 

8 

3 

6o 

320 

474 

421 

313 

70 

603 

360 

307 

POO 

80 

291 

246 

192 

86 

5 

60 

463 

417 

364 

237 

70 

348 

302 

249 

3  43 

80 

999 

f-  .  ; 

-»  Of/ 

1 D  / 

134 

oO 

7 

60 

403 

339 

306 

199 

70 

290 

244 

l-9-i 

84 

80 

1 73 

],?8 

76 

-- 
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